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HETEROCYCLIC COMPOUNDS USEFUL AS PHARMACEUTICAL AGENTS. 

This invention concerns heterocyclic compounds which are useful in inhibiting 
5 oxido-squalene cyclase, processes for their preparation and pharmaceutical compositions 
containing them. The present invention is also concerned v/hh heterocyclic compounds 
capable of inhibiting cholesterol biosynthesis and hence in lowering cholesterol levels in 
blood plasma. The present invention also relates to methods of using such heterocyclic 
compounds in diseases and medical conditions such as hypercholesterolemia and 
10 atherosclerosis. 

There is clinical evidence that raised serum cholesterol levels increase the risk of 
coronar>' heart disease and associated diseases such as atherosclerosis and ischaemic heart 
disease. As a result there has been a great deal of interest in finding ways of lowering 
cholesterol levels in blood plasma. Although it has been possible to obtain some reduction by 
1 5 means of diet, only modest reductions have been obtained by controlling the dietry intake of 
cholesterol. Consequently, there is a need for therapeutic approaches to reducing cholesterol 
levels. 

Several different classes of compounds have been reported to possess the 
capability of being able to lower cholesterol levels in blood plasma. For example agents 

20 which inhibit the enzyme HMGCoA reductase, which is essential for the production of 

cholesterol, have been reported to reduce levels of serum cholesterol. Illustrative of this class 
of compounds is the HMGCoA reductase inhibitor known as lovastatin which is disclosed in 
US Patent No 4,23 1 ,938. Other agents which are reported to lower scrum cholesterol include 
those which act by comple.xing with bile acids in the intestinal system and which are hence 

25 termed "bile acid sequestrants". It is believed that many of such agents act by sequestering 
bile acids within the intestinal tract. This results in a lowering of the levels of bile acid 
circulating in the enierohcptatic system and promotes replacement of bile acids by synthesis 
in the liver from cholesterol, which results in an upregulation of the hepatic LDL cholesterol 
receptor and in a lowering of circulating blood cholesterol levels. 

30 The biosynthesis of cholesterol is a complex process which will be considered 

here as three principal stages, namely 1) the conversion of acetic acid to mevalonic acid 2) the 
conversion of mevalonic acid to squalene and 3) the conversion of squalene to cholesterol. In 
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the last stage, squalene is first converted into 2 J-oxido-squalene and then to lanosierol. 
Lanosterol is then converted to cholesterol through a number of enzymatic steps. 

The conversion of 2,3-oxido-squalcnc to lanosterol is a key step in the 
biosynthesis of cholesterol. This conversion is catalysed by the enzyme oxido-squalene 
5 cyclase. It follows that inhibition of this enzyme decreases the amount of lanosterol available 
for conversion to cholesterol. Consequently, inhibition of oxido-squalcnc cyclase should 
interupt cholesterol biosynthesis and give rise to a lowering of cholesterol levels in blood 
plasma via LDL receptor upregulation. 

The present invention is based on the discovery that certain heterocyclic 
1 0 compounds are inhibitors of oxido-squalenc cyclase and are hence useful in treating diseases 
and medical conditions in which inhibition of oxido-squalene cyclase is desirable. 

According to the present invention there is provided a compound of formula I. or a 
pharmaceutically acceptable salt thereof, wherein 

According to the present invention there is provided a compound of formula I, 

15 

wherein 

G*is CH orN; 
is CH or N; 
20 n is 1 or 2; 

R is hydrogen, halogeno, trifluoromcthyl, trifluoromethoxy, cyano, amino, hydroxy, 
nitro, (l-4C)alkyl, {l-4C)alkoxy. (l-4C)alkylamino, di(l-4C)alkylamino orphenyl{l- 
4C)alkyl; 

A is methylene or ethylene; B is ethylene; and wherein A and B may independently 
25 optionally bear a substituent selected from (I-6C)alkyl, (l-6C)alkoxy. phenyl(l-4C)alkyl, 
halogeno and (l'6C)alkoxycarbonyl; 
Tis CH orN; 

when T is CH, X' is selected from CR^R", SO., SO, CO, CR^R^^O, a bond. O. S and 
NR'; and when T is N, X' is selected from CR'R", SOj, SO, CO, CR^R""© and a bond: 
30 wherein R\ R\ r\ R"^ and R^ are independently selected from hydrogen and (I -4C)alkyl: 

-2.- 
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Y' represents CR^'R^ or a bond, wherein and R^ are independently selected from 
hydrogen and (l-4C)alkyi; 

Ar* is a phenylene» naphthylene, a 5- or 6-membered monocyclic heteroaryl ring 
containing 1, 2 or 3 heteroatoms selected from nitrogen, oxygen and sulphur, or a 9- or 10- 
5 membered bicyclic heteroaryl ring containing 1, 2 or 3 heteroatoms selected from nitrogen, 
oxygen and sulphur; 

Q is selected from hydrogen and a group of formula L'X^L^Z in which L' is a bond, 
(l-4C)alkylene or (2-4C)alkenylene, is a bond or (MQalkylene. x' is a bond, 0, S, SO, 

SO2, CR^R^ CO. oso.. ocrV, oco, sOjO, cr Vo, coo, NR^^SO., SO.NR'^ 

10 NR^ 'CO, CONR". NR'XONR*"' and NR'"* in which R' and R* are independently selected 
from hydrogen, hydroxy and (l-4C)alkyl; and R*°, R^', R^\ r'^ and R'** are independently 
selected from hydrogen and (l-4C)alkyl; 

Z is hydrogen, (l-4C)alkyL phenyl, naphthyl, phenyl(2-4C)alkenyl, phenyl(2- 
4C)alkynyl or a heierocyclic moiety containing L 2. 3 or 4 heteroatoms selected from 

15 nitrogen, oxygen and sulphur; 

and wherein the phenyl, naphthyl or heteroaryl moiety in Ar' and the alkyl, phenyl, 
naphthyl, or heterocyclic moiety in Z may optionally bear one or more substituents selected 
from halogcno, hydroxy, oxy, amino, nitro, cyano, carboxy, carbamoyl. (l-6C)alkyl, (2- 
6C)alkcnyL (2-6C)alkynyl, hydroxy(1.6C)alkyl, (l-6C)alkoxy, (3-6C)cycloalkyl, (3- 

20 6C)cycloalkyl(MC)aIkyl, (l-4C)alkylenedioxy, (l-6C)alkylamino, di-[{l-6C)alkyl]amino, N- 
{l-6C)aIkyIcarbamoyl. di-N[(l-6C)aIkyi]carbamoyl, (I-6C)a]kanoylamino. (1- 
6C)alkoxycarbonyl, (l-6C)alkylthio, ( 1 -6C)alkylsulphinyL (l-6C)alkylsulphonyK halogeno(l- 
6C)alky!, halogcno{l-6C) alkylthio, halogeno(l-6C)alkoxy, (l-6C)aIkanoyl, letrazoyl, phenyl, 
phenoxy, phenylsulphonyl, piperidinocarbonyL morpholinocarbonyl, hydroxy(l-6C)alkyl and 

25 amino(l-6C)alkyl; wherein any phenyl containing substituents may optionally bear one or 
more substituents selected from halogeno, trifluoromethyl, trifluoromethoxy, cyano, amino, 
hydroxy, nitro, (l-4C)aIkyL (l-4C)alkoxy, (]-4C)aIkylamino and di(l-4C)alkylamino; 

provided that the compound is not N-[4-(4-(4-pyridyl)pipcra2in-l-ylcarbonyl]phenyl]- 
(E)-4-chlorostyrenesulphonamide or N-[4-[4-(4-pyridyl)pipera2in-l-ylcarbonyl]phenyl]-4'- 

30 bronio-4-biphenylcsulphonamide: 
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and pharmaceutically acceptable salts thereof. 

The chemical formulae referred to herein by Roman numerals arc, for convenience, set 
out on a separate sheet following the Examples. 

It will be understood that when formula I compounds contain a chiral centre, the 
5 compounds of the invention may exist in, and be isolated in, optically active or racemic form. 
The invention includes any optically active or racemic form of a compound of formula I 
which possesses the beneficial pharmacological effect of inhibiting oxido-squalene cyclase. 
The synthesis of optically active forms may be carried out by standard techniques of organic 
chemistr\' well known in the art, for example by, resolution of a racemic form, by synthesis 
10 from optically active starting materials or by asymmetric synthesis. It will also be appreciated 
that certain compounds of formula I may exist as geometrical isomers. The invention 
includes any geometrical isomer of a compound of formula I which possesses the beneficial 
pharmacological effect of inhibiting oxido-squalene cyclase. 

It will also be understood that certain compounds of the present invention may 
15 exist in solvated, for example hydrated, as well as unsolvaied forms. It is to be understood 
that the present invention encompasses all such solvated forms which possess the property of 
inhibiting oxido-squalene cyclase. 

It is also to be understood that generic terms such as "alkyl" include both the 
straight chain and branched chain groups such as butyl and tert-butyl. However, when a 
20 specific term such as "butyl" is used, it is specific for the straight chain or "normal" butyl 
group, branched chain isomers such as "t-butyl" being referred to specifically when intended. 

In one embodiment of the present invention there is provided a compound of formula 
U or a pharmaceutically acceptable salt thereof, as herein before defined, provided thai when 
X* is CO, Ar' is phenylene which optionally bears 1 or 2 substituents selected from halogeno, 
25 trifluoromethyU (l-4C)alkyl and (1.4C)aIkoxy. and is a bond to Q, then is a bond. 

Particular values for optional substituents which may be present on a phenyl, 
napthyl. heteroarj l or heterocyclic moiety include, for example, 

for alkyl: (l-4C)alkyK such as methyl, ethyl, propyl, isopropyl. butyl, isobuivL 

sec-butyl or lert-butyl; 
30 for cycloalkyi cyclopropyK cyclobutyl or cyclopentyl; 

for cycloalkN lalkyi (3-6C)cycloalkyl(l-2C)alkyl such as cyclopropylniethyl, 
cyclopropyleihyl. cyclobuiylmelhyl or cyclopenlylmethyl; 



-A - 
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for alkenyl; 
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for alkynyl; 
for alkoxy; 

5 

for alkylamino; 
for di-alkylamino; 
10 for alkylcarbamoyl; 



30 



(2-4C)alkenyl, such as allyl. prop-l-cnyl, 2-meihyl-2-propenYl or 2- 
butenyl; 

(2-4C)alkynyl, such as prop-2-ynyl or but-2-ynyl; 
(l-6C)alkoxy, such as methoxy, cthoxy, propoxy, 
isopropoxy, butoxy, pentoxy or 3-methylbuloxy; 
(l-4C)alkylamino, such as methylamino, elhylamino, propylamine or 
butylamino; 

di-[(l-4C)alkyl]amino such as dimethylamino. diethylamino, 
mclhylpropylamino or dipropylamino; 
(MQalkylcarbamoyl such as N-meihylcarbamoyl, 
N-ethylcarbamoyI, N-propylcarbamoyl, N-butylcarbamoyl or N-tert- 
butylcarbamoyl or (N-{2-methylpropyl)carbamoyl; 
for di-alkylcarbamoyl; di-[(MC)alkyl]carbamoyl, such as N,N-dimethylcarbamoyI 
or N,N-diethyIcarbamoyl; 
(l-4C)alkoxycarbamoyI such as methoxy carbonyl, 
ethoxycarbonyl, propoxycarbonyl, iso-propoxycarbonyl, 
butoxycarbonyl or tert-butoxy carbonyl; 
(l-4C)alkylthio such as methylthio, ethylthio, propylthio, 
isopropylthio or butylthio; 
(l-4C)alkylsulphinyl such as melhylsulphinyl, 
ethylsulphinyl, propylsulphinyL isopropylsulphinyl or 
butylsulphinyl; 

(MC)alkylsulphonyl such as methylsulphonyl, eihylsulphonyl, 
propylsulphonyl, isoproylsulphonyl or butylsulphonyl; 
fluoro, chloro, bromo or iodo; 

halogeno(l-4C)aIkyl such as halogenoalkyl containing one, two or 
three halo groups selected from fluoro, chloro, bromo and iodo and 
an alky! group selected from methyl, ethyl, propyl, iso-propyl, butyl, 
iso-butyl and sec*butyl, thus particular values will include 
trifluoromcthyl, difluoromeihyl and fluoromethyl; 
(l-4C)alkanoylamino such as formamido, acciamido. propionamido, 
iso-propionamido, butyramido or iso-buiyramido: 



15 for alkoxycarbonyl; 

for alkyithio; 
20 for alkylsulphinyl; 

for alkylsulphonyl; 

25 forhalogeno; 
for halogenoalkyl; 



for alkanoylamino; 



-5- 
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for alkylenedixoy; methylenedioxy or elhylenedioxy; 

for alkanoyl; (l-4C)alkanoyl such as formyl, acetyl, propionyl or butyryl; 

for hydroxyalkyl 1 -hydroxy- 1 -methylethyl, hydroxymethyl, 2-hydroxyethyl, or 2- 
hydroxypropyl; 

5 for aminoalkyi; aminomethyl, 2-aminoethYL 1-aminoethyl or aminopropyl. 

Particular values for opiional substituents on A and B include, for example: 

for alky I; (l-4C)alkyI such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 

10 sec-butyl or tert-butyl; 

for alkoxy ; (1 -4C)alkoxy such as methoxy, elhoxy, propoxy, isopropoxy or 

butoxy; 

for phenylalkyi; phenyl (l-2C)alkyl such as benzyl, 2-phenylethYl or 1 -phenylethyl 

for halogeno; fluoro, chloro, bromo or iodo 

15 for alkoxycarbonyl; methoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl or 

butoxycarbonyl; 

Particular values for R include, for example, 

20 for alkyl; methyl, ethyl, propyl, iso-propyl or tert-butyl; 

for alkoxy mcthoxy, ethoxy, propoxy, isopropoxy or butoxy; 

for alkylamino methylamino, ethylamino or propylamino; 

for di-alkylamino dimethylamino, M-ethyl-N-methylamino or diethylamino; 
for halogeno fluoro, chloro, bromo or iodo. 

25 

A particular value for R when irifluoromethyl is 3-trifluoromethyl and/or 5- 
trifluoromethyl. A further particular value for R is hydrogen, also (1-2C) alkyl, for example 
2-methyl. 

A particular value for Ar' when it is a 5- or 6-membered heieroaryl ring is, for 
30 example, furandiyl, ihiophenediyl, pyridinediyl, pyrazinediyi, pyrimidinediyl, pyridazinediyl. 
pyrrolediyL pyrazolediyl. imidazolediyl, oxazolediyU isoxazolediyl, thiazolediyl, 
isolhiazoledivL K2.3-lrizolediyl, 1.2,4-triazoiediyl, oxadiazolcdiyl, furazandiyl. 
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thiadiazolediyl and 1,3,5-triazinediyl which may be attached through any available position 
including any available nitrogen atom. It will be appreciated that when Q = H the above 
group will only have one position of attachment and so group such as furandiyl will be furanyl 
etc. 

5 A particular value for Z when it is a heterocyclic moiety is, for example, a monocyclic 

5- or 6-membcred heterocyclic ring or a 5- or 6-membered heterocyclic ring which is fused to 
a benzene moiety. Thus, particular values will include, fiir>'l, bcnzofiiranyl, ihienyl, 
benzothienyl, pyridyl, quinolyl, isoquinolyl, 1,2,3,4-tetrahydroquinolyI, 1,2,3,4- 
tetrahydroisoquinolyl, pyrimidinyl, pyrazinyl, pyrrolyl, indolyl, indolinyl, benzimidazolyl, 
10 oxazolyl, benzoxazolyl, isoxazolyl, thiazolyl, benzthiazolyl and oxadiazolyl. 

A particular value for R' to R*^ when alkyl, is, for example methyl, ethyl, propyl, 
isopropyl and tert-butyl. 

A particular value for L' or when alkylene is, for example, methylene, ethylene or 
trimethylene. 

15 A particular value for Ar' when naphthyl is. for example, 1-naphihyl or 2-naphthyl. 

A particular value for Ar' when phcnylalkenyl is, for example, styryl, cinnamyl or 3- 
phenylprop-2-enyl. 

A particular value for Ar' when phenylalkynyl is, for example, 2-phenyleihynyl, 3- 
phenylprop-2-ynyl or 2-phenylprop-l-yInyl. 
20 A particular value for A is methylene. 

A particular value for T is CH. 
More particularly, is CH or N; G' is CH. 
More particular values are G' is CH or N; G^ is CH. 

More particularly when T is N, X' is selected from a bond, CO, SO,, and CR'R-. 
25 More particularly when T is CH, X' is selected from a bond, CO. SO,, CR'R" and O. 

More particularly is a bond. 

More particularly, Ar' is selected from a phenylene ring and a 6-membered heteroaryl 
moiety selected from these mentioned above. 

More particularly, Q is selected from hydrogen and a group of formula L'X-L'Z in 
30 which L' is (l-4C)alkylene or a bond, X" is selected from NR'- CO, NR'^SO,, NR'''COR" and 
SO2, and L" is a bond or (I-4C)aIkyIene: and Z is as defined above. 

More particularly X'-Y' taken together are O or S. 
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In general, il is preferred that G' and are both CH. 

In general, it is preferred that when Q is hydrogen, X' is selected from CR'R\ SO^ and 

CO. 

In general, it is preferred that L' and L" are selected from CH, and a bond. 
5 In general, it is preferred that when Q is a group of formula L'X'L'Z, X' is a bond. 

In general, it is preferred that T is N. 

In general, it is preferred that Ar' is a phenylene ring or a pyridyl ring. 
In general, it is preferred that Z is a phenyl, phenyl(2-4C)alkenyL or naphthyl moiety. 
In general it is preferred that Ar' and Ar, if substituted are independently mono- or di- 
10 substituted. 

More preferably, Ar' is a phenylene ring optionally substituted as hereinbefore 
defined. 

More preferably, Z is a phenyl ring, optionally substituted as hereinbefore defined. 
More preferably A and B are both ethylene. 
1 5 A specific value for G' is CH or N. 

A specific value for G* is CH or N (especially CH). 
A specific value for T is CH or N. 

A specific value for X' is a bond, CO, SO., CH, and O. A further specific value is O 

orS. 

20 A specific value for Ar' is a phenylene ring or a pyridyl ring. In particular the pyridyl 

ring is 2-pyridYl. More particular values include furanyl, pyrimidinyl, ihiazolyl and oxazolyl. 

A specific value for the group L'X'L" is CH^NHSO,, NHSO,, CH.SOj, 
CHjNHCONH, CHjNHCO. CH,N(Me)SO,, SO,. CO, 0, CH,, OCH,, CHXH^O. COCH.CHj 
and a bond. 

25 Further specific values for the group L*X'L" include CH^NHCO, NHSO^, CH.NHSO,, 

CHjNH. CONH and SO,. 

A specific value for Z is phenyl, styryl and naphthyl. 
A specific value for A is unsubsiituted ethylene or unsubslituted methylene. 
A specific value for B is unsubstituted ethylene, 
30 A suitable pharmaceuiically-acceplable sail of an aminoheterocyclic derivative of the 

invention is, for example, an acid-addition sail of an aminoheterocyclic derivative of the 
invention which is sufficiently basic, for example, an acid-addition sail with, for example, an 
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inorganic or organic acid, for example hydrochloric, hydrobromic, sulphuric, phosphoric, 
trifluoroacetic, citric or maleic acid. In addition a suitable pharmaceutically-acceptable salt of 
an aminoheterocyclic derivative of the invention which is sufficiently acidic is an alkali metal 
salt, for example a sodium or potassium salt, an alkaline earth metal salt, for example a 
5 calcium or magnesium salt, an ammonium salt or a salt with an organic base which affords a 
physiologically-acceptable cation, for example a salt with methylamine. dimcthylamine, 
trimethylamine, pipcridine, morpholine or tris-(2-hydroxyethyl)amine. 

In one embodiment of the present invention there is provided a compound of formula 
I, or a pharmaceutically acceptable salt thereof, wherein 
10 GMsCHorN; 

is CH or N; 
n is 1 or 2; 

R is hydrogen, halogeno, trifluoromethyl. trifluoromethoxy, cyano, amino, hydroxy, 
nitro, {l-4C)aIkyl, (MC)alkoxy, ( MC)alkylamino or di(MC)alkylamino; 
15 A is methylene or ethylene; B is ethylene; and wherein A and B may independently 

optionally bear a substituent selected from (l-6C)alkyl, ( 1 -6C)alkoxy, phenyl (l-4C)alkyl, 
halogeno and (l-6C)alkoxycarbonyl; 
Tis CH orN; 

when T is CH, X' is selected from CR'R", SOj SO, CO, a bond, CR'R'O, O, S and 
20 NR-, and when T is N, X' is selected from CR'R-, SO., SO, CO, CR'R'O and a bond, wherein 
R', R^ R\ R* and R^ are independently selected from hydrogen and (l-4C)alkyl; 

Y' represents CR^'R' or a bond, wherein R^ and R' are independently selected from 
hydrogen and (MC)alkyl; 

Ar' is a phcnylene ring or a 5- or 6-mcmbered monocyclic heteroaryl ring containing 
25 1 ,2 or 3 heteroatoms selected from nitrogen, oxygen and sulphur, 

Q is selected from hydrogen and a group of formula L'X'L^Z in which L' is a bond or 
( 1 -4C)alkylene, L' is a bond or ( 1 -4C)alkylcne, X- is a bond, S, SO. SO,, CR*R'. CO, 
NR'^SO,, SOjNR", NR*=CO, CONR'^ and NR'^CONR'* in which R',R\R'^R".R'\ R'^ and 
R'^ are independently selected from hydrogen and (MC)alkyl; 
30 Z is selected from phenyl, naphthyl, phenyl(2-4C)alkenyl, phenyI(2-4C)alkynyl and a 

heterocyclic moiety containing 1, 2. 3 or 4 heteroatoms selected from nitrogen, oxygen and 
sulphur; 
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and wherein the phenyl or heteroaryl moieiy in Ar' and the phenyl, naphthyl, or 
heterocyclic moiety in Z may optionally bear one or more substiluents selected from 
halogeno, hydroxy, amino, nitro, cyano, carboxy, carbamoyl, (l-6C)alkyl, (2-6C)alkenyl, (2- 
6C)alkynyl, ( 1 -6C)alkoxy, (3-6C)cycloalkyl, (3-6C)cycloalkyl(1.4C)alkyl, (1- 
5 4C)alkylenedioxy, (l-6C)alkylamino, di-[(1.6C)alkyl]amino, N-( 1 -6C)alkylcarbamoyl, di- 
N[(l-6C)alkyl]carbamoyl, (l-6C)alkanoylamino, (l-6C)alkoxycarbonyl, (l-6C)alkylthio. (1- 
6C)aIkylsulphinyl, (l-6C)alkylsulphonyl, halogeno(l-6C)aIkyL halogeno(l-6C)alkoxy, (1- 
6C)alkanoyl and tetrazoyl; 

provided that the compound is not N-[4-[4-(4-pyridyl)pipera2in-l-ylcarbonyl]phenyl]- 
1 0 (E)-4-chlorostyrenesulphonamide, 

and pharmaceutically acceptable salts thereof. 

Particular, prepared and specific values include the appropriate values mentioned 
above. In a particular aspect of this embodiment when X' is CO, Ar' is phenylene which 
optionally bears 1 or 2 substituents selected from halogeno, trifluoromeihyK (l-4C)alkyl and 
15(1 -4C)alkoxy, and is a bond to Q, then X^is not a bond. 

In a further embodiment of the present invention Q is hydrogen and G\ G^ R, n. A, 
B, T, X', Ar' and the optional substituents for the phenyl or heteroaryl moities in Ar' may 
have any of the values hereinbefore defined. 

Particular compounds of this embodiment include compounds of formula I and their 
20 pharmaceutically acceptable salts in which R, n, Z, the optional substituents for a phenyl or 
heteroaryl moiety on Ar^ and the optional substituents for A and B may take the values 
hereinbefore defined, (unless staled otherwise) and> 

(a) g' is CH or N; G^ is CH; T is N or CH; when T is N, X' is CR'R^SO^ CO; when T 
is CH, X' is CR*rIS02,C0,0,S,NR^ or a bond, in which R\R^ and R-^are independently 

25 selected from hydrogen and (MC)alkyl; Y*is a bond, A and B are both ethylene; Ar' is a 
phenyl ring; 

(b) G^ is CH or N; G^ is CH, T is N, X' is CH^. SO2 or CO, A and B are ethylene, Y' is a 
bond, Ar' is a phenyl ring; 

(c) g' is CH, G" is CH, T is N, x' is CH,, SO, or CO, A and B are ethylene. Y* is a bond, 
30 Ar' is a phenyl ring: 

(d) G' is CH or N. G^ is CH, T is CH, A is methylene, B is ethylene. X' is O or a bond, y' 
is a bond, Ar' is a phenyl or pyridyl ring; 

10 
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(e) G' is CH or N, G' is CH, T is N, X' is CH,, SO^, CO, A and B are ethylene, is a 
bond, Ar' is a pyridyl ring; 

or additionally (f) which is as (d) above but wherein X* is O or S. It will be appreciated that Q 
is H in each of the above. 
5 Further particular compounds of this embodiment (Q = H), include compounds of 

formula I and their pharmaceutically acceptable salts in which n. the optional substituents 
for a phenyl or heieroaryl moiety on Ar* and the optional substituents for A and B may take 
the values hereinbefore defined, (unless stated otherwise) and:- 

(a) 0^ is CH or N; is CH; T is N or CH; when T is N, X' is CR'R^SO,, CO; when T is 
10 CH, X' is CR'R^S02,CO,0,S,NR^ or a bond, in which R',R- and R^are independently 

selected from hydrogen and (1 -4C)alkyl; Y*is a bond, A and B are both ethylene; Ar' is a 
phenyl ring; 

(b) G- is CH or N; G* is CH, T is N, X' is CH,. SOj or CO, A and B are ethylene, Y' is a 
bond, Ar' is a phenyl ring; 

1 5 (c) G^ is CH or N, G' is CH, T is CH, A is methylene, B is ethylene. X' is O or a bond, Y' 
is a bond, Ar' is a phenyl or pyridyl ring; 

(d) G^ is CH or N, G' is CH, T is N, X' is CH^, SO^, CO, A and B are ethylene, Y' is a 
bond, Ar' is a pyridyl ring; 

or additionally (e) which is as (c) above but wherein X' is 0 or S. 

20 In a further embodiment of the present invention, Q is a group of formula L'X'L^Z and 

G', G\ R, n, A, B. T, X', Ar',Z and the optional substituents for the phenyl, naphthyl, 
heteroar>'I and heterocyclic moieties in Ar' and Z are as defined above. 

Particular compounds of this embodiment include compounds of formula I and their 
pharmaceutically acceptable salts in which R, n, Ar', Z the optional substituents for A and B 

25 and the optional substituents for a phenyl, heteroaryl, naphthyl or benzene moieties in Ar ' or 
Z may take the values hereinbefore defined (unless stated otherwise) and:- 
(a) G* is CH or N, G^ is CH, T is N or CH, A is ethylene, or methylene, B is 

ethylene, X'and Y'are bonds, Q is a group of formula L*X-L"Z in which L' is (l-4C)alkylene 
or a bond, X" is selected from C0NR" NR'-C0 NR'^^SO^, NR'^CONR'' and SO,, L is a (1- 

30 4C)alkylenc or a bond, R'", 

R'".R'-'and R'^ are independently selected from hydrogen and (l-4C)alkyl; 



II 
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(b) is CH or N, is CH, T is N or CH, A and B arc ethylene. X* and Y' are bonds; Q 
is a group of formula L^X^L^Zin which L' is (l-4C)alkylene or a bond. is NHCO, NHSO2, 
NHCONH or SO2, is (l-4C)alkylene or a bond, and R and n are as hereinbefore defined; 

(c) G' is CH, is CH, T is N or CH, A and B arc ethylene, X' and Y' are bonds, Q is 

5 L'X^L^ Z in which is (MC)alkylcne. is a bond, X^ is NHCO. XHSO., NHCONH and 
SO2; or 

(d) G' is CH or N (preferably CH), G^ is CH; T is N or CH (preferably N), X' and Y' are 
bonds, A and B are ethylene, Ar' is phenyl, Q is a group of formula L'X^L^Z in which L' is 
(l-4C)aIkylene or a bond (preferably alkylene such as CH2), X^is NHCO, NHSO., NHCONH 

1 Q or SO2. L*^ is ( 1 -4C)alkylene or a bond (preferably a bond): 

Further particular compounds of this embodiment include compounds of formula I and 
their pharmaceutically acceptable salts in which R, n. Ar'. Z the optional substituenls for A 
and B and the optional substituents for a phenyl, heleroaryh naphthyl or benzene moieties in 
Ar ' or Z may take the values hereinbefore defined (unless stated otherwise) and:- 

1 5 (a) G^ is CH or N, G^ is CH, T is N or CH, A is ethylene, or methylene, B is 

ethylene. X'and Y'are bonds, Q is a group of formula l'X^L^Z in which L' is (1- 
4C)alkylene or a bond, X^ is selected from CONR'^'NR'^CO, NR'^SO,, NR'^CONR'' and 
SO2, L is a (1 -4C)alkylcne or a bond, R^^ 

r'^ ,R^'' and R*^ are independently selected from hydrogen and (1 -4C)alkyl; 
20 (b) G^ is CH or N. G' is CH, T is N or CH, A and B are ethylene, X' and Y* are bonds; Q 

is a group of formula L'X^L^Z in which is (l-4C)aIkyienc or a bond. X^ is NHCO, NHSO., 

NHCONH or SO2, is (l-4C)alkylene or a bond, and R and n arc as hereinbefore defined; 

(c) G^ is CH or N (preferably CH), G' is CH; T is N or CH (preferably N). X ' and Y' are 

bonds, .A and B are ethylene, Ar* is phenyl, Q is a group of formula L'X^L'Z in which L' is 
25 (1.4C)aIkylene or a bond (preferably alkylene such as CH.), X^is NHCO, NHSO^, NHCONH 

or SO2, L' is (l-4C)alkylene or a bond (preferably a bond); 

In a preferred embodiment there is provided a compound of formula 1 or a 

pharmaceutically acceptable salt thereof, wherein: 

G'is CH, G' is CH, T is N, X' is CO, SO2 or CH.. A and B are ethylene. Ar' is phenyl, 
30 0 is hydrogen, and R. m and the optional subsiituenl for the phenyl moieiy of Ar' are as 

hereinbefore defined. 



12 
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Particular, preferred and specific values include the appropriate values mentioned 

above. 

In a further preferred embodiment there is provided a compound of formula I or a 
pharmaceutically acceptable salt thereof wherein: 
5 G' is CH, is CH, T is N, X' is a bond, Y' is a bond, A and B are ethylene, Ar' is phenyl, Q 
is of formula L'XVZin which L' is (l-4C)alkyIene (preferably CH^), X* is NR'SOj in which 
RSs (l-4C)alkyl or hydrogen (preferably hydrogen), and Z is phenyl, wherein the phenyl 
moiety of Ar^ and Z may optionally be substituted as hereinbefore defined and R and m arc as 
hereinbefore defined. 

1 0 Particular, preferred and specific values include the appropriate values mentioned 

above. 

In a further embodiment of the present invention, Z is (MC)alkyl or hydrogen, more 
particularly (l-4C)alkyl, and the other groups are as hereinbefore defined. 

Compounds of particular interest include the compounds described in the 

1 5 accompanying examples and as such they and their pharmaceutically acceptable salts are 
provided as a further feature of the present invention. 

The compounds of formula I and their pharmaceutically acceptable salts may be 
prepared by processes known to be applicable to the preparation of structurally related 
compounds. These procedures are illustrated by the following representative processes 

20 in which the various groups and radicals such as G G", A, B, X', Ar' and Q are as 

hereinbefore defined (unless staled otherwise), and are provided as a further feature of the 
present invention. In cases where the compounds contain a group such as an amino, hydroxy, 
or carboxy group, this group may be protected using a conventional protecting group which 
may be removed when desired by conventional means. 

25 (a) For the production of those compounds of the formula I wherein T is N and X' is CO, 
the reaction, conveniently in the presence of a suitable base, of an amine of the 
formula II, 



II 
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with an acid of the formula III, 

5 HOjC-Y'.Ar'-Q III 

or a reactive derivative thereof 

A suitable reactive derivative of an acid of the formula III is, for example, an acyl 
halide, for example an acyl chloride formed by the reaction of the acid and an inorganic acid 

1 0 chloride, for example thionyl chloride; a mixed anhydride, for example an anhydride formed 
by the reaction of the acid with a chloroformate such as isobutyl chloroformate or with an 
activated ketone such as Lr-carbonyldiimidazoie: an active ester, for example an ester 
formed by the reaction of the acid and a phenol such as pentafluorophenol, an ester such as 
pentafluorophenyl trifluoroacetate or an alcohol such as H-hydroxybenzotriazole or 

1 5 H-hydroxysuccinimide; an acyl azide. for example an azjde formed by the reaction of the 
acid and an azide such as diphenylphosphoryl azide: an acyl cyanide, for example a cyanide 
formed by the reaction of an acid and a cyanide such as diethylphosphoryl cyanide; or the 
product of the reaction of the acid and a carbodiimide such as 
N,N'-dicyclohexylcarbodiimidc or N-(3-dimethylaminopropyl)-H*-ethylcarbodiimide. 

20 The reaction is conveniently carried out in the presence of a suitable base such as. for 

example, an alkali or alkaline earth metal carbonate, alkoxide, hydroxide or hydride, for 
example sodium carbonate, potassium carbonate, sodium cthoxide. potassium butoxide. 
sodium hydroxide, potassium hydroxide, sodium hydride or potassium hydride, or an 
organometallic base such as an alkyl-lithium, for example n-butyl-lithium, or a 

25 dialkylamino-lithium, for example lithium di-isopropylamide, on for example, an organic 
amine base such as, for example* pyridine. 2,6-Iutidinc, collidine. 4-dimethylaminopyridine, 
iriethylamine, morpholine or diazabicyclo(5.4.0]undec-7-ene. Tlie reaction is also preferably 
carried out in a suitable inert solvent or diluent, for example methylene chloride, chloroform, 
carbon tetrachloride, tetrahydrofuran, 1 ,2-dimethoxyethane, fcJ,N-dimethylformamide, 

30 l^,l\I-dimethylacclamide, N-methylpyrrolidin-2-onc. dimethvlsulphoxide or aceione. and at a 
temperature in the range, for example, -78° to 1 50°C. conveniently al or near ambient 
temperature. 
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A suitable prolccling group for an amino or alkylamino croup is, for example, an acyl 
group, for example an alkanoyi group such as acetyl, an alkoxycarbonyl group, for example 
a methoxycarbonvL ethoxycarbonyl or i^rl-butoxycarbonyl group, an arylmethoxycarbonyl 
group, for example bcnzyloxycarbonyl, or an aroyi group, for example benzoyl. The 
5 deprotection conditions for the above protecting groups necessarily vary with the choice of 
protecting group. Thus, for example, an acyl group such as an alkanoyi or alkoxycarbonyl 
group or an aroyl group may be removed for example, by hydrolysis with a suitable base 
such as an alkali metal hydroxide, for example lithium or sodium hydroxide. Alternatively 
an acyl group such as a ifflct-butoxycarbonyl group may be removed, for example, by 
1 0 treatment with a suitable acid such as hydrochloric, sulphuric or phosphoric acid or 

trifluoroacetic acid and an arylmethoxycarbonyl group such as a bcnzyloxycarbonyl group 
may be removed, for example, by hydrogenation over a catalyst such as 
palladium-on-carbon, or by treatment with a Lewis acid for example boron 
tris(trifluoroaceiate). A suitable alternative protecting group for a primary amino group is, 
15 for example, a phthaloyl group which may be removed by treatment with an alkylamine. for 
example dimethylaminopropylamine, or with hydrazine. 

A suitable protecting group for a hydroxy group is, for example, an acyl group, for 
example an alkanoyi group such as acetyl, an aroyl group, for example benzoyl, or an 
arylmetliyl group, for example benzyl. The deprotection conditions for the above protecting 
20 groups will necessarily vary with the choice of protecting group. Thus, for example, an acyl 
croup such as an alkanoyi or an aroyl group may be removed, for example, by hydrolysis 
with a suitable base such as an alkali metal hydroxide, for example lithium or sodium 
hydroxide. Alternatively an arylmethyl group such as a benzyl group may be removed, for 
example, by hydrogenation over a catalyst such as palladium-on-carbon. 
25 A suitable protecting group for a carboxy group is, for example, an esterifying group, 

for example a methyl or an ethyl group which may be removed, for example, by hydrolysis 
with a base such as sodium hydroxide, or for example a tert-butyl group which may be 
removed, for example, by treatment with an acid, for example an organic acid such as 
trifluoroacetic acid, or for example a benzyl group which may be removed, for example, by 
30 hydrogenation over a catalyst such as palladium-on-carbon. 

An analogous procedure may he used for those compounds of fomula 1 wherein X' is 
a group of ihe formula SO or SOj. 

15 
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(b) For the production of those compounds of the formula I wherein T is CH and is O 
the reaction, conveniently in the presence of a suitable coupling agent, of a compound of the 
formula IV. 




10 wherein T is a displaceable group, with a compound of the formula V. 

HO-Y'-Ar^-Q V 

A suitable value for the displaceable group T is, for example, a halogeno or 
15 sulphonyloxy group, for example a fluoro, chloro, bromo, mesyloxy or 4-tolylsulphonyloxy 
group. 

A suitable reagent for the coupling reaction when Z' is a halogeno or sulphonyloxy 
group is, for example, a suitable base, for example, an alkali or alkaline earth metal 
carbonate, hydroxide or hydride, for example sodium carbonate, hydroxide or hydride, for 

20 example sodium carbonate, potassium carbonate, sodium hydroxide, potassium hydroxide, 
sodium hydride or potassium hydride. The alkylation reaction is preferably performed in a 
suitable inert solvent or diluent, for example H^H-dimethylformamide. 
M,H-dimelhylacetamide, dimelhylsulphoxide. acetone, 1 ,2-dimelhoxyethane or 
teirahydrofuran, and at a temperature in the range, for example, -10° to I SO'^C, conveniently 

25 at or near ambient temperature. 

Alternatively, the displaceable group T is provided in place of the HO-group in the 
compound of formula V and ihe HO-group is provided in place of the displaceable group T 
in the compound of formula IV. 



1^ 
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A suitable reagent for the coupling reaction of the alcohol of the formula IV wherein 
Z is a hydroxy group is, for example, the reagent obtained when said alcohol is reacted with 
a di-(l-4C)aIkyl azodicarboxylate in the presence of a triarylphosphine or 
tri-(] -4C)aIkylphosphine, for example with diethyl azodicarboxylate in the presence of 
5 iriphenylphosphine or tributylphosphine. The reaction is preferably performed in a suitable 
inert solvent or diluent, for example acetone, 1 ,2-dimethoxyethane or tetrahydrofuran, and at 
a temperature in the range, for example, 10*" to 80°C, conveniently at or near ambient 
temperature. 



An analogous procedure may be employed for the preparation of those compounds of 



(c) For the production of those compounds of the formula I wherein T' is N and X* is 
CH(R"), the reductive amination of a keto compound of the formula VI, 



with an amine of the formula IL 

Any reducing agent known in the art for promoting a reductive amination reaction 
may be employed. A suitable reducing agent is, for example, a hydride reducing agent, for 

20 example an alkali metal aluminium hydride such as lithium aluminium hydride or, 
preferably, an alkali metal borohydride such as sodium borohydride, sodium 
cyanoborohydride, sodium iriethylborohydride, sodium trimethoxyborohydride and sodium 
triacetoxyborohydride. The reaction is conveniently performed in a suitable inert solvent or 
diluent, for example tetrahydrofuran and diethyl ether for the more powerful reducing agents 

25 such as lithium aluminium hydride, and, for example, methylene chloride or a protic solvent 
such as methanol and ethanol for the less powerful reducing agents such as sodium 
triacetoxyborohydride. The reaction is performed at a temperature in the range, for example, 
1 0** to SO^'C, conveniently at or near ambient temperature. 

30 (d) The reaction of an amine of formula 11 with a compound of formula VII, 



10 



the formula I w-hcrein T is CH and X is a group of the formula S, 



15 



R^-CO-Y'-Ar'-Q 



VI 



Z'-X'-Y'-Ar'-Q 



XI 



n 
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wherein T is a displaceable group as defined hereinbefore. The reaction may be 
performed, for example, in the presence of a catalytic amonut of sodium hydride. The 
reaction is conveniently performed in a suitable inert solvent or diluent as defined 
5 hereinbefore and at a temperature in the range, for example, 0** to 150X. conveniently at or 
near ambient temperature. 

(e) The reaction of a compound of formula VIII 

10 

VIII n" /) T 



wherein T is a displaceable group as defined herein before with a compound of formula IX 

15 

IX HN^ ^T-Xi-Yi-Ari-Q 
B 



The reaction is conveniently performed in a suitable inert solvent or diluent as defined 
20 hereinbefore and at a temperature in the range, for example, 0° to ISO'C. conveniently at or 
near ambient temperature. 

(f) For the production of those compounds of the formula I wherein is a group of 
the formula NR"'S02, the reaction, conveniently in the presence of a suitable base as 
25 defined hereinbefore, of an amine of the formula X, with a compound of the formula XI, 

Z"-S02-L'-Z XI 



It 
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wherein T is a displaceable group as defined hereinbefore. 

The reaction is conveniently performed in a suitable inert solvent or diluent as 
defined hereinbefore and at a temperature in the range, for example, 0° to 150°C, 
conveniently at or near ambient temperature. 
5 An analogous procedure may be employed for those compounds of the formula I 

wherein is a group of the formula NR^^CO. 

(g) For the production of those compounds of the formula I wherein X" is a group of 
the formula NR'^CONR'*, the reaction, conveniently in the presence of a suitable base as 
1 0 defined hereinbefore, of an amine of the formula X, 



G1=:^ 

R /) N' :T-Xi.Yi.Ari-U-NHRio 



15 with a compound of the formula XII, 



0=C=N-L'-Z XII 



The reaction is conveniently performed in a suitable inen solvent or diluent as 
20 defined hereinbefore and at a temperature in the range, for example, 0" to 1 SCC, 
conveniently at or near ambient temperature. 

(h) For the production of those compounds of the formula I wherein X^ is a group of the 
formula NR'^SOj and R'** represents (l-4C)alkyl, the reaction, conveniently in the presence 
25 of a suitable base as defined hereinbefore, of a corresponding sulphonamide of the formula 
XIII. 
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XIII N, A T-Xi-Yi-Ari-U-NHS02-L2-Z 

with a compound of the formula XIV, 



5 R'^-Z' XIV 

wherein Z' is a displaceable group as defined hereinbefore. 

The reaction is conveniently performed in a suitable inert solvent or diluent as 
defined hereinbefore and at a temperature in the range, for example, 0° to 150°C. 
1 0 conveniently at or near ambient temperature. 

An analogous procedure may be employed for those compounds of the formula I 
wherein is a group of the formula SOjNR" or NR'^CO. 

(i) For the production of those compounds of the formula I wherein L* represents (1- 
15 4C)alkylene and XMs S, the reaction, conveniently in the presence of a suitable base as 
defined hereinbefore, of a compound of the formula XV, 

XV Nv,/>— T.Xt.Yi-Ari-(CH2)„-Z 



20 

wherein m is 1 .2.3 or 4, and Z' is a displaceable group as defined hereinbefore with a thiol of 
the formula XVI, 

HS-L--Z XVI 

25 

The reaction is conveniently performed in a suitable inert solvent or diluent as defined 
hereinbefore and at a temperature in the range, for example, 0° to 150°C. conveniently at or 
near ambient temperature. 

10 
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(j) For the production of those compounds of the formula I wherein Ar' or Z bears a 
carboxy or carboxy-containing group, the hydrolysis of a compound of the formula I wherein 
Ar' or Z bears a (l-6C)alkoxycarbonyI group. 
5 The hydrolysis reaction may conveniently be carried out in a conventional manner 

using, for example, acidic or basic catalysis. A suitable acid for the acidic hydrolysis of an 
ester group is, for example, an inorganic acid such as hydrochloric or sulphuric acid. A 
suitable base for the basic hydrolysis of an ester croup is, for example, an alkali or alkaline 
earth metal hydroxide such as sodium hydroxide or potassium hydroxide. 
1 0 The reaction is conveniently performed in a suitable solvent or diluent such as an 

alcohol, for example methanol or elhanol, and at a temperature in the range, for example 0** to 
120°C. conveniently in the range of 15° to 60**C. 

(k) For the production of those compounds of the formula I wherein Ar^ or Z bears a 
15 carbamoyl, N-(l-6C)aIkyIcarbamoyl or alkyldi-N[{l-6C)carbamo> l group, the reaction of a 

compound of the formula I wherein a' or Z bears a carboxy group, or a reactive derivative 

thereof as defined hereinbefore, with ammonia or an appropriate alkylamine or dialkylamine. 
The reaction is conveniently perfomied in a suitable inen solvent or diluent as defined 

hereinbefore and at a temperature in the range, for example, 0* to 120**C, conveniently in the 
20 range 15^*10 60°. 

(I) For the production of those compounds of the formula I wherein X' is a group of the 
formula SO or SO3 wherein Ar' or Z bears a (l-6C)alkylsulphinyl or (l-6C)alkylsulphonyl, 
subsiituent or wherein is a group of the formula SO or SOn the oxidation of the 

25 corresponding compound of the formula I which contains a thio group. 

A suitable oxidising agent is. for example, any agent known in the art for the oxidation 
of thio to sulphinyl and/or sulphonyl, for example, hydrogen peroxide, a peracid (such as 
3-chloroperoxybenzoic or peroxyacetic acid), an alkali metal peroxysulphate (such as 
potassium peroxymonosulphaie), chromium trioxide or caseous oxygen in the presence of 

30 platinum. Tlie oxidation is generally carried out under as mild conditions as possible and with 
the required stoichiometric amount of oxidising agent in order to reduce the risk of over 
oxidation and damage to other funciianal groups. In general the reaction is carried out in a 

ai 
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suitable solvem or diluent such as methylene chloride, chloroform, acetone, telrahydrofuran or 
tert-butvl methyl ether and at a temperature, for example, at or near ambient temperature, thai 
is in the range 1 5 to 35**C. When a compound carrying a sulphinyl group is required a milder 
oxidising acent may also be used, for example sodium or potassium mctaperiodate, 
5 conveniently in a polar solvent such as acetic acid or ethanol. It will be appreciated that when 
a compound of the formula I containing a sulphonyl group is required, it may be obtained by 
oxidation of the corresponding sulphinyl compound as well as of the corresponding ihio 
compound. 

As mentioned above, it will be appreciated that in some of the reactions 

10 mentioned herein ii may be necessary/desirable to protect any sensitive groups in the 
compounds. Tlie instances where protection is necessary or desirable and suitable methods 
for protection are known to those skilled in the art. Tlius, if reactanis include croups such as 
amino, carboxy or hydroxy it may be desirable to protect the group in some of the reactions 
mentioned herein. Suitable protecting groups are mentioned under (a) above. The protecting 

15 groups may be removed at any convenient stage in the synthesis using conventional 
techniques well known in the chemical art. 

It will also be appreciated that certain of the various optional substituents in the 
compounds of the present invention may be introduced by standard aromatic substitution 
reactions or generated by conventional functional group modifications either prior to or 

20 immediately following the processes mentioned above, and as such are included in the process 
aspect of the invention. Such reactions and modifications include, for example, introduction 
of a substiiuent by means of an aromatic substitution reaction, reduction of substituents, 
alkylation of substituents and oxidation of substituents. The reagents and reaction conditions 
for such procedures are well known in the chemical art. Particular examples of aromatic 

25 substitution reactions include the introduction of a nitro group using concentrated nitric acid, 
the introduction of an acyl group using, for example, an acylhalide and Lewis acid (such as 
aluminium trichloride) under Friedel Crafts conditions; the introduction of an alkyl group 
using an alkyl halide and Lewis acid (such as aluminium trichloride) under Friedel Crafts 
conditions; and the introduction of a halogeno group. Particular examples of modifications 

30 include the reduction of a nitro group to an amino group by for example, catalytic 

h} droyenation with a nickel catalyst or treatment with iron in the presence of hydrochloric 
acid wiih healing: oxidation of alkylihio to alkylsulphinyl or alkylsulphonyi. 

21 
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When a pharmaceutically-acceptable salt of a compound of the formula I is 
required, it may be obtained, for example, by reaction of said compound with the appropriate 
acid (which affords a physiologically acceptable anion), or with the appropriate base 
(which affords a physiologically acceptable cation), or by any other conventional salt 
5 formation procedure. 

When an optically active form of a compound of the formula I is required, it may be 
obtained, for example, by carrying out one of the aforesaid procedures using an optically 
active starting material or by resolution of a racemic form of said compound using a 
conventional procedure. As mentioned previously, the compounds of the formula I (and their 
10 pharmaceutically-acceptable salts) are inhibitors of the enzyme oxido-squalene cyclase. Thus, 
the compounds of the present invention are capable or inhibiting cholesterol biosynthesis and 
hence in lowering cholesterol levels in blood plasma. 

The beneficial pharmacological properties of the compounds of the present invention 
may be demonstrated using one or more of the following techniques. 

15 

(a) In vitro test to measure inhibition of oxido-squalene cyclase 

This test measures the inhibition of microsomal oxido-squalene cyclase in vitro by 
compounds at set concentrations in the incubation medium. 

20 Microsomes are prepared from rat liver according to methods known in the art, for 

example, the method described in published European Patent Application No 324,421 and 
stored in liquid nitrogen prior to assay. Assay vials are kept at 37°C throughout the 
incubation. The microsomes typically contain 15-20mg of protein per ml of microsomes. 
For assay, 1ml of microsomes are diluted by the addition of 722^1 of 50mM phosphate buffer 

25 pH 7.4. 

Phosphate buffered Tween 80 (polyoxyethylene sorbiian monolaurate) is prepared 
by adding O.lg Tween 80 to 100ml of 50mM phosphate buffer. 

A stock solution of oxido-squalene is made up as a solution in ethanol 
(0.65mg.mr'), 1 Sjil of radio-labelled oxido-squalene (IfiCi.ml ') is evaporated to dryness 
30 under a stream of nitrogen and redissolved in 1ml of ethanol and 1ml of the stock solution of 
oxido- squalene is added. 

2i 
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The lest compound is dissolved in dimethyl sulphoxide to give a lO^M stock 
solution. Dilutions are made from the stock to give lO'^M, 10"^M etc. 

Phosphate buffered Tween 80 (28m1) is placed in 5ml disposable plastic vials and 
4^1 of the solution of the test compound is added and mixed well. An aliquot of the oxido- 
5 squalene mix ( 1 5jil) is added and the vials pre-incubated for 1 0 minutes al 3TC. A 
portion of the microsomes (14.6^il) arc then added and incubated for a further 1 hour. The 
reaction is stopped by the addition of 315^1 of a mixture of 16% KOH in 20% ethanol. 

The samples are then placed in a water bath at 80°C for 2 hours to saponify. Al 
the end of this process water (630^1) is added followed by hexanc (5ml). The samples are 
1 0 tumble mixed for 5 minutes and then centrifuged. The hexane phase is removed and 

evaporated under nitrogen. The samples are then reconstituted in 300^1 of a 80:20 mixture of 
acelonitrile:isopropyl alcohol. The samples arc then chromaiographcd using a Hichrom 
30DS1 column with an isocratic elution using a 95:5 mixture of acetonitrile:isopropyl alcohol 
and a flow rate of Iml.min'V The output from the UV detector is connected to a radio- 
15 chemical detector to visualise radiolabelled sterols. Reaciior rate is measured as the 

conversion of oxido-squalene to lanosterol, and the effects of test compounds are expressed as 
an inhibition of this process. 

By way of example, the compound described in Example 25 gave 100% inhibition 

at I^M. 

20 (b) In vivo test t n measure inhibition of Oxido-Squalene Cvclase 

The ability of a compound to inhibit oxido-squalene cyclase and/or 
inhibit cholesterol biosynthesis may be assessed by a routine laboratory procedure carried out 
in the rat. The test involves administration of the compound to rats on a reversed lighting 

25 regimen. Female rais (35 - 55g) arc housed in reverse lighting conditions (red light from 
0200h - ]400h) for a period of about 2 weeks prior to test. Animals are allowed free access to 
chow and drinking water throughout this period. At test, animals should weigh 100 - 140g. 
The rats are dosed orally with the compound (typically 10-50mg/kg) formulated in a 
polyethylene glycol/hydroxypropylmethyl cellulose mix. After 1 hour the rats arc given 

30 triturated sodium mevalonate (15[iCi/kg) iniraperiioncally. Two hours after administration of 
the compound the rats are lerminaled and a piece of liver removed and weighed. The tissue is 
saponified al 80°C for 2 hours in an eihanolic/poiassium hydroxide solution (80% w/v 
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aqueous KOH diluted 1:10 with ethanol). Water (2ml) is added and the mixture extracted 
with iso-hexane (2 x 5ml). The organic extracts are combined, evaporated to dr>'ness under a 
stream of nitrogen and the residue is dissolved in a mixture of aceionitrile/iso-propanol 
(300[il). An aliquot (200^1) of this solution is loaded onto a HPLC column to separate the 
5 sterols. The radio-label content of each fraction is assessed using a radio chemical flow 
detector. Inhibitors of oxido-squalcne cyclase are classed as those compounds which caused 
a build up of substrate and a concomitant disappearance of cholesterol and its precursors. 
ED50 values are generated in the usual manner. 

By way of example, the compound described in Example 18 below gave 59% 
10 inhibition of cholesterol biosynthesis when dosed at 2mg/kg; and the compound described in 
Example 27 70% inhibition when dosed at 2mg/kg. 

The compounds of the present invention are oxido-squalene cyclase inhibitors and 
hence possess the property of inhibiting cholesterol biosynthesis. .Accordingly, there is also 
provided the use of a compound of formula I, or a pharmaceutical 1> acceptable salt thereof, 
15 (as hereinbefore defined) for the manufacture of a medicament for inhibiting cholesterol 
biosynthesis. The compound N-[4-[4-(4-pyridyI)piperazin-I-ylcarbonyl]phcnyI](E)-4- 
chlorostyrenesulphonamide and its salts are included in this aspect of the present invention 
and the aspect which follow relating to uses of the compounds of the present invention. Thus 
the compounds of the present invention will be useful in treating diseases or medical 
20 conditions in which an inhibition of oxido-squalene cyclase is desirable, for example those in 
which a lowering of the level of cholesterol in blood plasma is desirable. 

In particular, the compounds of the present invention will be useful in treating 
hypercholesterolemia and hypertriglyceridaemia, and in the treatment of atherosclerotic 
\-ascular diseases such as atherosclerosis, coronary heart disease including myocardial 
25 infarction, angina, stroke and peripheral vascular disease. Such uses may lead to a reduction 
of morbidity in patients with ischaemic heart disease, whether or not they have a medical 
history of coronary heart disease. Compounds of the invention maj- also have benefit in the 
treatment of dermatological conditions such as xanthomas and xanthelasmas and in the 
treatment of gallstones. 

30 Thus according to a further feature of the present invention there is provided a method 

of inhibiting oxido-squalene cyclase in a warm-blooded animal (such as man) requiring such 
treatment, which method comprises administering lo said animal an effective amount of a 

as 
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compound of formula 1 (as herein defined), or a pharmaceulicaliy-acceptable sail thereof.. In 
particular, the present invention provides a method of inhibiting cholesterol biosynthesis, and 
more particularly to a method of treating hypercholesterolemia and atheromatous vascular 
degeneration (such as atherosclerosis). 
5 Thus the present invention also provides the use of a compound of formula 1 (as 

herein defined), or a pharmaceutically-acceptablc salt thereof, for the manufacture of a 
medicament for treating diseases or medical conditions in which a lowering of the level of 
cholesterol in blood plasma is desirable (such as hypercholesterolemia and atherosclerosis). 
In particular, the compounds of the present invention are potentially useful in 
10 inhibiting cholesterol biosynthesis in man and hence in treating the above-mentioned medical 
conditions in man. 

When used in the treatment of diseases and medical conditions such as those 
mentioned above ii is envisaged that a compound of formula I (or a pharmaceutically 
acceptable salt thereof) will be administered orally, intravenously, or by some other 
15 medically acceptable route so that a dose in the general range of, for example, 0.01 to 10 mg 
per kg body weight is received. However it will be understood that the precise dose 
administered will necessarily vary according to the nature and severity of the disease, 
the age and sex of the patient being treated and the route of administration. 

In general, the compounds of formula I (or a pharmaceutically-acceptable salt 
20 thereof) will usually be administered in the form of a pharmaceutical composition, that is 
together with a pharmaceutically acceptable diluent or carrier, and such a composition is 
provided as a further feature of the present invention. 

A pharmaceutical composition of the present invention may be in a variety of 
dosage forms. For example, it may be in the form of tablets, capsules, solutions or 
25 suspensions for oral administration, in the form of a suppository for rectal administration; in 
the form of a sterile solution or suspension for parenteral administration such as by 
intravenous or intramuscular injection. 

A composition may be obtained by conventional procedures using 
pharmaceutically acceptable diluents and carriers well known in the art. Tablets and capsules 
30 for oral administration ma) con\ enientl\ be formed with a coating, such as an enteric coating 

V0 
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(for example, one based on cellulose acetate phthalatc), to minimise dissolution of the active 
ingredient of formula I (or a pharmaceutically-acccptable salt thereof) in the stomach or to 
mask unpleasant taste. 

The compounds of the present invention may, if desired, be administered together 
5 with (or sequentially to) one or more other pharmacological agents known to be useful in the 
treatment of cardiovascular disease, for example, together with agents such as HMG-CoA 
reductase inhibitors, bile acid sequestranis, other hypocholesterolaemic agents such as 
fibrates, for example gemfibrozil, and drugs for the treatment of coronar>' heart disease. 

As inhibitors of oxido-squalene cyclase, the compounds of the present invention 

1 0 may also find utility as antifungal agents, and so the present invention also provides a method 
of inhibiting cholesterol biosynthesis in fiingi. In panicular the present invention provides a 
method of treating fungal infections which comprises administration to a wann blooded 
animal, such as man, in need of such treatment an effective amount of a compound of formula 
I, or a pharmaceutically acceptable salt thereof. When used in this way the compounds of the 

15 present invention may, in addition to the formulations mentioned above, be adapted for 
topical administration and such a composition is provided as a further feature of the present 
invention. Such compositions may be in a variety of forms, for example creams or lotions. 

Selected compounds of the invention having utility as antifungal agents are 
compounds of the formula I wherein 

20 isCH, 
G'is CH orN 
R is as defined hereinbefore 
n is 1 or 2 

T is CH or N, when T is CH then X' Y' together are O or S, when T is N then X'Y' together 
25 are a bond, 

Ar^ is a phenylcne ring, a pyridyl ring, or a 9- or 10-membered bicyclic heieroaryl ring 
containing 1 , 2, or 3 hetereoatoms selected from nitrogen, oxygen and sulphur, and may 
optionally bear one or more substituents selected from halogeno. nitro, cyano, ( 1 -6C) alkyl, 
(l-6C)alky!ihio, halogeno(l-6C)alkyI, halogeno(l-6C)alkylihio. halogeno(l-6C)alkoxy, (1- 
30 6C)alkoxycarbonyl, 



1> 
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Q is selected from hydrogen and a group of formula L'x^L^Z in which L' is a bond or (1- 
4C)alkYlene, is a bond or (MC)alkylenc, is a bond, NR*, O or S. in which is 
hydrogen or ( 1 -4)C alkyl; and 

Z is selected from phenyl, and a monocyclic heterocyclic moiety containine 1 .2,3 or 4 
5 heteroatoms selected from nitrogen, oxygen and sulphur, and may optionally bear one or more 
substituents selected from halogeno, nitro, cyano, (1-6C) alkyl, ( I -6C)alkyhhio, halogeno(l- 
6C)alkyl, halogcno(l-'6C)aIkylthio, halogeno(l-6C)alkoxy, (l-6C)alkoxycarbonyl; 

Further selected antifungal compounds are as above and wherein Ar* is a phenyiene 
ring, a 2-pyridyl ring, a ben2thiazol-2yl ring, a 2-quinoyloxy ring, a benzoxazolyl ring, a 
10 thia2olopyridin-2yl ring, or a quinoxalinyloxy ring. Further selected antifungal compounds 
are as above and wherein R is hydrogen, halogeno or (l-4C)alkyl. Further selected antifungal 
compounds are as above and wherein the substituent Q on Ar' is in the 4-posiiion. Further 
selected antifungal compounds are as above and wherein the substituent(s) on Ar' and/or Z 
are independently selected from methyl, methylthio, cyano, nitro, trifluoromethyL 
15 trifluoromelhoxy. irifluoromethyllhio, chlorine, bromine, fluorine and meihoxycarbonyl. 

In a further aspect of the invention we claim the use of a compound as defined above 
as an antifungal agent. We also claim a method for inhibiting cholesterol biosynthesis in 
fungi which comprises the use of a compound as defined above. 

In a further aspect of the invention we claim a pharmaceutical composition comprising 
20 one or more compounds as defined above for use in the treatment of fungal infections of the 
human or animal body. 

The antifungal activity of the compounds of the invention may be determined in vitro 
in standard agar dilution tests and disc-diffusion tests and minimum inhibitory concentrations 
are obtained. Standard in vivo tests in mice are used to determine the effective dose of the test 
25 compounds in controlling systemic fungal infections. 

By way of example the following test protocols may be used: 
Primar>' in-vjtrp 

Compounds are formulated in DMSO at 2560 iig/ml and diluted to four-times the top 
test concentration in a synthetic medium RPMM640. Serial 2-foId dilutions are prepared in 
30 microtiire plates and an equal volume of the inoculum added. Compounds are tested against 
1 \ fungal species'sirains including Candida spp.. Cryptococcus neoformans. Saccharomyces 
cerevisiae. Aspergillus fumigalus and Trichophyton quinckeanum. The plaies arc incubated at 

It 
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30''C, read by eye at 24h and then at 48h, MICs and ICjqS are determined from visual and 
multiscan (540nm) readings respectively. 



Primary in-vivo screen 

5 Mice are inoculated intravenously with a lethal challenge of Candida albicans. Groups 

of4 mice are dosed with test compound at 0. 5 and 24h after infection. The health of the mice 
is monitored for 72h at which point the test is terminated. Untreated mice would be expected 
to die or be culled within 24h of infection. Activity is determined by increased sur\'ival of the 
treated group over that of control animals. 

10 

The invention will now be illustrated in the following Examples in which, unless 
otherwise stated :- 

(i) evaporations were carried out by rotary evaporation in vacuo and work-up 
procedures were carried out after removal of residual solids by filtration; 
1 5 (ii) operations were carried out at room temperature, that is in the range 1 S-IS'^C and 

under an atmosphere of an inert gas such as argon; 

(iii) column chromatography (by the flash procedure) and medium pressure liquid 
chromatography (MPLC) were generally performed on Merck Kieselgel silica (Art. 9385) or 
Merck Lichroprep RP-18 (Art. 9303) reversed-phase silica obtained from E. Merck, 

20 Darmstadt, Germany: alternatively high pressure liquid chromatography (HPLC) was 
performed on a Dynamax C-I8 60A preparative reversed-phase column; 

(iv) yields are given for illustration only and are not necessarily the maximum 
attainable; 

(v) the structures of the end-products of the formula I were confirmed by nuclear 
25 magnetic resonance (NMR) and mass spectral techniques; unless otherwise stated, 

CD3SOCD3 solutions of the end-products of the formula I were used for the determination of 
NMR spectral data, chemical shift values were measured on the delta scale: the following 
abbreviations have been used; s, singlet; d, doublet; t, triplet; q, quartet; m. multiplet: 

(vi) intermediates were not generally fully characterised and purity was assessed by 
30 thin layer chromatographic, infra-red (IR) or NMR analysis; 

(vi'i) melting points were determined using a Meltler SP62 automatic melting point 
apparatus or an oil-bath apparatus: melting points for the end-products of the formula I were 
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generally determined after crystallisation from a conveniional organic solvent such as ethanoL 
methanol, acetone, ether or hexane, alone or in admixure; and 

(viii) the following abbreviations have been used:- 

DMF N.N -dimethylform amide; THF teirahydrofuran; 
5 DMSO dimethylsulphoxide; Et3N triethylamine; 

CH2CI2 dichloromethane; Na2S04 sodium sulphate (anhydrous); 

K2CO3 potassium carbonate; NaOH sodium hydroxide; 

MeOH methanol; NH4OH ammonium hydroxide; 

ElOAc ethyl acetate; 'PrNHj isopropylamine; 
10 EtjO diethyl ether: MTBE methyl t-butyl ether; 

'Column chromatography' refers to separation of components of a mixture by passage of a 
solution through a sinter filled with silica gel (230-400 mesh, E Merck, Darmstadt, Germany), 
with suction applied from beneath. 
15 The starling materials are described below or are known materials. Many of the 

starting materials are commercially available. The following lists some of the commercially 
available starting materials: 



Compound Supplier 

20 4-chloropyridine hydrochloride Aldrich 

3- hydroxypyrrolidine Aldrich 
(3R)-3-hydroxypyrrolidine Fluorochem 

4- hydroxypiperidine Aldrich 
2-bromo-5-irifluoromethylpyridine Fluorochem 

25 2-bromo-5-nilropyridinc Aldrich 

2,5-dichloropyridine Aldrich 

2,5-dibromopyridine Aldrich 

2-bromo-5-methylpyridine Aldrich 

methyl 6-chloronicotinatc Lancaster 

30 2-chloro-5-cyanopyridine Avocado 

2-chloro-3-niiro-4-melhylpyridine Aldrich 

2,3-dichloropyridinc Aldrich 



SO 
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2-bromo-5-nitropyridine 
2-chloroquinoIine 
I -(4-pyridyl)piperazine 
2,3-dichIoro-5-trifluoromethylpyridine 
5 2,3,5-trichloropyridine 
4-nitrobromobenzene 
4-chlorophcnol 
4-(trifluoroinethyIoxy)phenol 
4-methylmercaptophcnol 
1 0 4-trifluoroinethYlinercaptophcnoi 
4-trifluoromethylphenol 
4-bromophcnol 



PCT/GB97/00282 



Aldrich 
Aldrich 
Emkachem 
Aldrich 
Fluka 
Aldrich 
Aldrich 
Fluorochcm 
Aldrich 
Fluorochem 
Janssen 
Aldrich 



1\ 
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Example 1 

A solution of 4-loluenesulphonyl chloride (0.38g) in dichloromeihane (25ml) was 
added dropwise to a stirred solution of l-(4-aminomethylphenyI)-4-(4-pyridyI)pipera2ine 
(536mg) in dichloromeihane (50ml) containing triethylamine (0.5ml). The reaction mixture 
5 was stirred at ambient temperature overnight. The mixture was washed with aqueous sodium 
carbonate solution, water, brine, dried (MgS04) and evaporated. The residue was 
recrystallised from methanol to give l-(4-pyridyl)-4-(4-toluenesulphonamidomethy]- 
phenyOpiperazine (0.36g) as a solid, m.p. 196-198 ^C: microanalysis, found: C, 65.2; H,6.2; 
N,I3.2%; C23H26N4O2S requires: C,65.4; H,6.2; N.13,3%; NMR: 2.37(s, 3H), 3.15-3.3(m, 
10 4H), 3.4-3.55(m, 4H), 3.81-3.88(d 2H), 6.8-6.93(dd, 4H), 7,03-7.15 (d, 2H), 7.32-7.4(d, 2H), 
7.6-7.7(d.2H).7.8.7.95(t, IH). 8.1-8.2(d 2H); MS: m/z423 (MH)*. 

The l-(4-aminomethyiphenyl)-4-(4-pyridyl)pipcrazine used as starting material was 
prepared as follows: 

A solution of N-(4-pyridyI)piperazine (9.78g). 4-fluorobenzonitrile (7.26g) and 

15 powdered potassium carbonate(lOg) was stirred at 100 in DMSO (100ml) overnight. The 
solution was poured into water (500ml) to give a precipitate which filtered and washed 
with water. The crude solid was dried in a vacuum oven overnight then dissolved in 
dichloromethane and purified by flash chromatography on alumina (ICN Alumina N 32-63) 
using an increasing concentration of ethyl acetate in dichloromethane (up to 100% ethyl 

20 acetate) as eluant. This gave a solid which was recrystallised from a mixture of ethyl 
acctate/isohexane to give l-(4-cyanophenyl)-4-(4-pyridyI)piperazine (7.5g) as a solid, 
m.p.157-158 OC; microanalysis, found: C,72.7; H,6.I; N.21.0%; C16H16N4 requires: C,72.7; 
H,6.1; N,21.2%; NMR: 3.45.3.55(bs, 8H), 6.8-6.9(d, 2H), 7.0-7,l(d, 2H), 7.55-7.65(d, 2H), 
8.1-8.2(d, 2H); MS: m/z265 (MH)\ 

25 A solution of 1 -(4-cyanophenyl)-4-(4-pyridyl)piperazine ( 1 .8g) in ethanol saturated 

with ammonia gas ( 1 50ml) was hydrogenated at 1 50 atmospheres and 1 00 (using Raney 
Nickel as catalyst) in a high pressure hydrogenalion apparatus for 18 hours. The solution was 
filtered through diatomaceous earth and the filtrate evaporated to give a solid which was 
purified by flash chromatography on alumina (ICN Alumina N 32-63) using a mixture of 95:5 
30 dichIoromethane:melhanol as eluant. The residue was recrystallised from 

leirahydrofuran/isohexane to gi\c l-(4-aminomethylphenyl)-4-(4-pyridyl)piperazine (1.3g) 

32. 
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m,p. 1 68- 1 70 OC; microanalysis, found: C,71 .5;R7.6;N,20.5%; C j 6H20N4 requires: C.71 .6; 
H,7.5; N.20.9%; NMR: 3.2-3.4(m,4H), 3.40.6(m.4H), 3.65(s,2H), 6.8-6.9(d,2H), 6.9- 
7.0(A2H), 7.15-7.25(d,2H), 8.15-8.25(d,2H): MS: m/z269 (MH)*. 

S Example 2 

4-Toluenesulphonyl chloride (95mg) was added to a solution of I-(4.aniinophenyl)-4- 
{4-pyridyl)pipera2ine (127mg) in dichloromethane (25ml) and the mixture was stirred at 
ambient temperature for 16 hours. The resulting precipitate was collected by filtration and 
washed with dichloromethane. There was thus obtained 1 -(4-pyridyI)-4-[4. 
1 0 methylsulphonamido)phenyl]pipcrazine hydrochloride as a grey solid (1 60mg). mp. 293- 
294OC; microanalysis, found: C.59.4; H,5.7; N.12,6: C22H24N4O2S.HCI requires: C59.1: 
H,5.8;N.12.6: NMR: 2.35(s,3H), 3.24(t,4H). 3.81(t.4H). 6.84(d.2H). 6.96(d,2H), 7.24(d.2H) 
7.33(d.2HX7.58(d.2H),8.26(d,2H),9.78(s,IH). 13.45(broad.lH); MS: nv2 409 (MH)*. 

IS Example 3 

4-Chlorostyrylsulphonyl chloride ( 11 8mg) in dichloromethane (5ml) was added to a 
solution of l-(4-aminophenyl)-4-(4-pyridyl)piperazine (127mg) in dichloromethane (5ml) and 
stirred at ambient temperature for 2 hours. The resulting precipitate was collected by filtration, 
washed with dichloromethane then triturated with 10% methanol in dichloromethane. There 
20 was thus obtained (E)-l-(4.pyridyl).4-[4.chlorostyryIsulphonamido]piperazine hydrochloride 
as a yellow solid (77mg). mp. 285-2870C; microanalysis, found: C.55.3: H,4.&t N.l 1.1: 
C23H23CIN4O2S. HCI. /2H2O requires: C55.1: R4.8: N,l 1.2: NMR: 3.24(m,4H). 
3.81(m,4H), 6.92(d,2H), 7.1 l(d,2H), 7.20(d,lH), 7,23(d,2H), 7.33(dJH). 7.46(d,2H), 
7.71(i2H), 8.24(d,2H). 9.65(s,lH), 13.25(broad.lH); MS: m/z455 (MHf. 

25 

Exampk 4 

4-Dimethylamino-pyridine (30mg) and 4-bromophenylsuIphon\ I chloride (260mg) 
was added to a solution of l-(4-aminomethylphenyl)-4-(4-pyridyl)piperazine (268mg) in 
pyridinc(5ml). The solution was healed on a steam bath for three hours. The solution was 
30 cooled to ambient temperature and evaporated. Water (100ml) was added to the residue and 
the solution acidified to pH 1 by addition of concentrated hydrochloric acid. The aqueous 

23 
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solution was washed with ether (2x1 00ml) and then basified by addition of aqueous ammonia. 
The mixture was extracted with methylene chloride and the methylene chloride extracts were 
washed with water, brine, dried (MgS04) and evaporated. The residue was recr^'stallised from 
a mixture of ethyl acetate/tetrahydrofuran/isohexane to give l-(4-pyridyI)-4-(4- 
5 bromophenylsulphonamidomethyl-phcnyOpiperazine (155mg.) as a solid m.p.l80-182°C; 
microanalysis, found: C.54.4; H, 4.8; N,1 1.3%; C22H23BrN402S requires: C54.2; H,4.7; 
N,n.5%: NMR: 3.15-3.5(m.4H), 3.4-3.55(m,4H), 3,85-3.95(d,2H), 6.8.6.9(bm,4H), 7.0- 
7.1(d,2H), 7.6-7.8(q.4H). 8.05-8. 15(UH), 8.18-8.25(bd,lH); MS: m/2 487 (MH)*. 

10 Example 5 

4-CyanQphenylsulphonyl chloride (202mg) was added to a solution of l-(4- 
aminomethylphenyl)-4-(4-pyridyl)pipera2ine (268mg) in pyridine (20ml). The mixture was 
healed on a steam bath for three hours. The solvents were removed by evaporation and water 
(lOOmI) added to give a precipitate which was extracted into ethyl acetate (2x1 00ml). The 

15 ethyl acetate extracts were combined, washed with water, brine, dried (MgS04) -10% 

methanol/methylene chloride as eluent to give a solid which was recrystallised from a mixture 
of tetrahydrofuran/methanol/isohexane to give l-(4-pyridyl)-4-(4- 
cyanophenylsulphonamidomethyl-phenyl)piperazine (52mg) as a solid m.p.229-230*^C; 
microanalysis found: C.62.8; H,5.6; N,15.7%; CjaHjsNsO.S.O^SH.O requires: C.62.4; H,5.4; 

20 NJ5.8%: NMR: 3.15-3.3(m.4H), 3.4-3.55(m,4H), 3,85-4.0(d2H), 6.8-6.9(dd,4H), 7.0- 
7.1(d,2H). 7.8-7.9(d,2H). 7.95-8.05(d,2H), 8.18-8.25(d,2H), 8.25-8.4(bt,lH): MS: m/2 434 
(MH)^ 

Example 6 

25 4-Methoxybenzenesulphonyl chloride {0.25g) was dissolved in dry tetrahydrofuran 

(2.0ml) and treated with a warm solution of l-(4-aminomethylpheny])-4-(4-pyridyl)pipcra2ine 
(0.27g) in tetrali> drofuran (8.0ml) and triethylamine (0.2ml) in one portion. The reaction 
mixture was stirred overnight and then quenched by concentrating the reaction solution to a 
volume of I ml followed by the addition of IM solution of aq.NaHCOj (8ml). The mixture 

30 was stirred for 2 hours. The resulting precipitate was collected by filtration, washed with 
water and dried to give l-l4-pyridYl)-4-(4-methoxyphenylsulphonamidomelhyl- 
phenyOpipcrazine (0.29g) as a solid m.p, 212-213" C: microanalysis found C.62.9: H,5.9: 
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N,12.6%; C23H26N4O3S requires C,63.0: H,5.98; N,12.8%: NMR: 3.23(l.4H), 3.47a4H), 
3.82(s3H), 3.89(d,2H), 6.88(d,4H), 7.07(ni,4H),7.7I(dd,2H), 7.79(t,lH). 8J8(bs.2H); MS: 
ni/z439 (MHr. 

5 Eyamp'c 7 

A solution of 4-bromophenyl isocyanate (I98mg) in leirahydrofuran was added 
dropwise to a solution of l-(4-aminomethylphenyl)-4-(4-pyridyI)piperazine (268mg) in 
letrahydrofuran (50ml). When the addition was complete, the solution was stirred at ambient 
temperature overnight. The precipitate was collected by filtration, filtered, washed with ether 
10 and recrj'stallised from methanol to give l-(4.pyridyI)-4-(4-bromophenylureidomethyI- 
phenyl)piperazine (185mg) as a solid, m.p. 258-260°C; microanalysis found: C,59.1; H,5.3; 
N,14.8%: C^jHo^BrNjO requires: C,59.2; H,5.2; N.15.0%; NMR: 3.I5-3.3fm,4H), 3.4- 
3.55(m,4H), 4.]5-4.25(d2H). 6.45.6.55(tJH), 6.8-6.9(d.2H), 6.9-7.0 (d.2H), 7.15-7.25Cd,2H), 
7.38(s.4H), 8.18-8.25(d,2H), 8.6(bs,lH); MS: m/2 466 (MH)\ 

15 

Example 8 

A solution of 4-cyanophenyl isocyanate (144mg) in tetrahydrofuran was added 
dropwise to a solution of l-(4-aminomethylphenyl)-4-(4-pyridyl)pipera2ine (268mg) in 
tetrahydrofuran (50ml). When the addition was complete, the solution was stirred at ambient 

20 temperature overnight. The precipitate was collected hy filtration, washed with ether and 
recrystalliscd from a mixture of tetrahydrofuran/meihanol/isohexane to give 1 -(4-pyridyl)-4- 
(4-cyanophenylureidomethyl-phenyl)piperazine (52mc) as a solid, m.p. 254-255°C; 
microanalysis, found: C,69.5; H,6.0; N,20.1%: C24H24N6O requires: C,69.9; H,5.9; N,20.4%; 
NMR: 3.15-3.3(m,4H), 3.4.3.55(m,4H), 4.15-4.25(d,2H), 6.65-6.75(t,lH). 6.80-6.90(d,2H). 

25 6.90.7.00(d,2H), 7.15-7.25(d,2H), 7.50-.70(q,4H). 8.18-8.25(d.2H). 9.0(bs,lH); MS: m/2413 

A solution of 4-bromobenzoyI chloride (240mg) in dichloromethane (10ml) was added 
30 dropwise to a stirred solution of 1 -(4-aminomeihylphenylM-(4-pyridynpiperazine (268nig) in 
dichloromethane (50ml) containing triethylamine (0.5ml). The resulting solution was stirred at 
ambient temperature for three hours. The solution was poured into water and the solid which 

35 
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precipiiaied was collected by filtration and washed with water, acetone and recr\'siallised from 
melhanol to give l-(4-pyridyl)-4-(4-bromobcnzoylamido-methylphenyl)pipera2ine (230mg) 
as a solid, microanalysis, found: C.61.3; H,5.2; N,l 1 .9%; C23H23BrN40 requires: C,61.2; 
H.5.14: N,12.4%: NMR: 3.15-3.3(m,4H). 3.4-3 .55(m,4HX 4.35-4.45(d,2H,), 6.8- 
5 6.93(bm.2H), 6.90-7.00(d,2H), 7. 1 5-7.25(d,2H), 7.6-7.7(d,2H), 7.75-7.85(d,2H), 8.10- 
8.25(b,2H),8.90-9.00(bt,lH); MS:m/z451 (MH)*. 

Fyample 10 

A solution of methanesulphonyl chloride (0.155ml) in dichloromcthane (10ml) was 
1 0 added dropwise to a stirred solution of 1 -(4-aminomethylphenyl)-4-(4-pyridyl)piperazine 
(536mg) in dichloromcthane (50ml) containing triethylamine (0.5ml). The resulting solution 
was stirred at ambient temperature for 7 hours. The solution was evaporated and the residue 
was extracted with ethyl acetate. The ethyl acetate extracts were washed with water, sodium 
bicarbonate solution, brine, dried (MgS04) and evaporated. The solid residue was 
15 recrysiallised from methanol to give l-(4-pyridyl)-4-(methancsulphonamido- 

methylphenyOpiperazine (356mg) as a solid, m.p.236-238°C; microanalysis found: C,59.3; 
H,6.4; N.16.2%; C,7H22N402S requires: C,58.8; H,6.4; N,16.2%; NMR: 2.8(s.3H), 3.15- 
3.3(m,4H), 3.4-3.55(m,4H), 4.00-4. 1 0(d,2H,), 6.80-6.90(d,2H), 6.90-7.00(d.2H), 7.15- 
7.25(d.2H), 7.3-7.5(t.lH). 8.20(d,lH); MS: m/z 31 1 (MH)\ 

20 

Sodium hydride (55mg) (50% dispersion in oil) was added to a stirred solution of l-(4- 
pyridyl)-4-(4.toluenesulphonamidomethyl-phenyl)pipera2ine (422mg) in dimethyl formamidc 
(20ml) under argon. The solution was stirred at 70-80°C for 1 hour. 

25 The solution was cooled to ambient temperature and a solution of methyl iodide (1 50mg) in 
dimethyl formamide (1ml) was added dropwise. When the addition was complete, the 
solution was stirred at ambient temperature for 4 hours. Water (120ml) was added and the 
solution extracted with hot ethyl acetate (2x1 00ml). The combined extracts were washed with 
water, brine, dried (MgS04) and evaporated. A solid residue was rccrystallised from a 

30 mixture of ethyl acelale/isohexane to give l-(4-pyridyl)-4-(4- 

toluenesulphonameihylamidomethyl-phenyDpiperazine (65mg) as a solid, 

m.p. 183'185^'C: microanalysis, found: C.65.7: H.6.5; N.12.3%; C24H2kN40:S requires: 

1(0 
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C,66.0; H,6.46; N,12.8%; NMR: 2.43(s,3H). 3,20.35(m,4H), 3.4-3.55(m,4HX 
4.0(s,2H), 6.9-7.0(d,2H), 7.1-7.2(d,2H), 7.4-7.5(d,2H), 7.7-7.8(d.2H); MS: m/z437 (MHr. 



Exampk U 

5 Triethylamine (0.43ml) was added to a stirred suspension of 1 -(4-aniIinocarboxy)-4- 

(4-pyridyl)piperazine hydrochloride (356mg) in dry DMF (4ml), After Ihcur, 
4-methyIbenzenesulphonylchIoride (210mg) was added and stirring continued for 16 hours. 
The reaction mixture was diluted with dichloromethane (25ml) and washed with water (2 x 
7ml), saturated brine (7ml), dried (MgS04) evaporated. The resulting oil, was purified by 
1 0 flash chromatography on silica gel using an increasing polar mixture of 2 to 1 0% v/v 
methanol in dichloromethane as eluant to give l-(4-pyridyl)-4-(4-toluencsulphonamido- 
ben2oyl)piperazine (94mg), as a solid, m.p. 139-1 4 TC; microanalysis, found: C 61 .5; H, 5.9; 
N, 12.4%; C23H24N4O3S.O.5H2O requires: C,61 .9; H,5.6; N,12.6%; KMR: 2.34(3H,s), 
3.40(4H.m), 3.57(4H,m), 6.80(2H,d). 7.14(2H.d), 7.33(4H,m), 7.70(2H.d), 8.18(2H,d), 
15 10.55(lH,bs); MS: m/z437 (MH)^. 

The l-(4-anilinocarboxy)-4-(4-pyridyl)piperazine hydrochloride used as starting 
material was prepared as follows: 

10% w/w Palladium on charcoal (200mg) was added to a solution of l-(4- 
nitrobenzenecarboxy)-4-(4-pyridy])pipera2ine (936mg) in a mixture of dichloromethane 
20 (25ml) and methanol (lOmI) containing 4,55M hydrogen chloride in dr>- ether (1 .3ml). The 
mixture was hydrogenated at ambient temperature and pressure until the iheoreiical amount of 
hydrogen had been taken up. The mixture was filtered through diaiomaceous earth and the 
filtrate evaporated. Trituration of the resulting solid with ether gave l-(4-anilinocarboxy)-4- 
(4-pyridyl)piperazine dihydrochloride (980mg) as a pale yellow solid, m.p. >350**C; 
25 microanalysis, found: C,54.1: H,5.8. N.15.7%; C16H18N4O.2HCI requires: C,54.1; H,5.7; 
N,15.8%; NMR: 3.67(4H,m), 3.78(4H.m), 3.3 to 4.5 (b), 6.97(2H.d), 7.19(2H,d), 7.37(2H,d), 
8.29(2H,d); MS: m/z283 (MH)\ 

Example 

30 To a stirred cooled (C'C) solution of 4-(naplithalene-2-sulphon\ l)benzoic acid 

(3 1 2mg) in DMF (4ml). was added 1 . 1 '-carbonyldiimidazole ( 1 62mg. The mixture was 

3> 
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stirred at O^'C for 30 minutes and then N-(4-pyridyl)piperazine (163mg) was added. The 
cooling bath was removed and the mixture was stirred at room temperature ovcrnighi. The 
solvent was removed by evaporation under high vacuum. The residue was dissolved in a 
mixture of ethyl acetate and water. The ethyl acetate extract was dried (MgS04) and 
5 evaporated to give a solid residue (170mg), which was recrystallised from a mixture of 
methanol, ethyl acetate and isohexanc to afford l-(4-pyridyl)-4-(4-naphthaiene-2- 
sulphonyl)ben2oyl)pipcrazine (124mg) as white needles. NMR: 3.25-3.5(m,6H); 3.6- 
3.9(m,2H); 6.8(d,2H); 7.7(i2H); 7.77(dd,lH); 7.95(dd,lH); 8.05-8.25(m,8H); 8,77(d.lH); 
microanalysis: found C,63.5: H,5.5: N,8.5%; C26H23N3O3S.2H2O requires C,63.5: HJ.5: 
10 R8.6;MS:m/z457(MHr. 

The 4-(naphthalene-2-sulphonyl)-benzoic acid used as starting material was prepared 
as follows: 

4-(Naphthalene-2-sulphonyl)benzaldehyde (0,97g) was suspended in water {25ml) 
containing cetyltrimethylammonium bromide (58mg). The mixture was stirred and heated to 

15 60°C, and potassium permanganate (0.95g) was added in small portions over 1 hour. Heating 
was continued for a further 2 hours. The mixture was cooled to room temperature and was 
acidified with 2M hydrochloric acid. Ethyl acetate was added to the stirred mixture, which 
was filtered through a pad of celite. The ethyl acetate layer was washed with brine, dried 
(MgSOj), and evaporated to afford 4-(naphthaIene-2-sulphonyl)benzoic acid (0.42g) as solid 

20 residue; NMR: 7.7(dd,lH); 7.95{dd,lH); 8.I-8.2(m.8H); 8.7(d,lH); microanalysis, found; 
C,58.6: H,3.9%; C,7H,204S.2H;0 requires: C,58.6: H,4.6%; MS: m/z 312(MHr. 

Example 14 

Carbonyl diimidazole (340mg) was added to a solution of 4-benzo\ibenzoic acid 
25 (440mg) in dimethylformamide (lOml). After stirring at ambient temperature for 45 minutes, 
N-(4-pyridyl)pipcrazinc (326mg) was added as a solid, in one portion and stirring continued at 
ambient temperature overnight. The reaction mixture was poured into water (50ml) and 
extracted with ethyl acetate (3 x 20ml). The extracts were combined, washed with water, 
brine, dried (MgS04) and evaporated to give a solid which was purified by recrystallisation 
30 from a mixture of ethyl acetate, methanol and hexane (10/3/9) to give l-(4-pyridyI)-4-(4- 
benzoyl-benzoyOpiperazine as pale yellow crystals (660mg), m.p. 153-1 54''C; microanalysis. 



31 
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found: C74.5; H,5.6; N,l 1.3%; C23H3,N302 requires: C.74.4; H. 5.7: N. 1 1 .3%; NMR: 3.3- 
3.9(m,8H), 6.9{d,2H), 7.5-7.9(m,9H), 8.2(d,2H); MS: m/z 372 (MH)^ 



Example 15 

5 To a solution of 4-phenoxybenzaldehyde ( 1 98mg) in dichloromethane (20ml), N-(4- 

pyridyOpiperazine (163mg) and acetic acid (240mg) were added. The mixture was stirred at 
ambient temperature for 30 mins, and then sodium triaceioxyborohydride (3 18mg) was added 
in one portion. Stirring was continued at ambient temperature overnight. The reaction 
mixture was poured into IM hydrochloric acid (50ml) and washed with ethyl acetate (50ml). 

1 0 The aqueous layer was made basic with 2M sodium hydroxide solution and extracted with 
dichloromethane (2 x 25ml). The combined extracts were washed with water, dried (MgS04) 
and evaporated to give a white solid which was purified by chromatography on silica gel 
(Mega Bond Elut column) using an increasing concentration of methanol in dichloromethane 
(up to 4% methanol) as eluant to give l-(4-pyridyl)-4-(4-phenoxy-phenyl)piperazine (168mg) 

15 as a solid: microanalysis, found: C,76.5; H,6.6; N,11.9%: C22H2JN3O requires: C,76.5; H,6.7; 
N,12.2%: NMR: 3.2-3.45(m,8H); 3,5(s,2H): 6.8(d,2H); 6.9-7.05(m,4H); 7.1-7.2(m,lH); 7.25- 
7.45{m,4H); 8.1(d,2H); MS: m/z 345 (MH)*. 

Ex^mpl^ 16 

20 A solution of N-(4-pyridyl)piperazine (0.33g) in dry dimethylformamide ( 1 5ml) was 

treated with sodium hydride (0.1 4g) (45-55% dispersion in oil). The reaction mixture was 
then stirred for 45 minutes at ambient temperature under argon. 4-Bromoben2yl bromide 
(0.58g) was added and the mixture heated slowly to 60*'C and then maintained at this 
temperature for 2 hours. The resulting mixture was then poured into water, basified with 

25 aq.NaHC03 solution and then extracted with diethyl ether. Tlie organic extracts were then 
washed with aq.NaHCOj, water, brine, dried (Na2S04) and evaporated. The residue was 
recrystallised from acetonilrile to give l-(4-pyridyl)-4-(4-bromoben2yl)piperazine (0.2g) as a 
solid, m.p. 140-I4rC; microanalysis, found: C, 55.3; H. 5.2; N, 12.0%; C,ftHigN3Br requires: 
C, 55.4; H, 5.7; N, 12.1%; NMR: (CDCI3) 2.54(t,4H): 3.32(t,4H); 3.51(s,2H); 6.66(d.2H); 

30 7.23(d.2H); 7.46(d.2H); 8.29(d,2H); MS: m/z 332 (MH)*. 



3^ 
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Example 17 

A solution of N-(4-pyridyl)pipcra2ine (0.33g) in dr}' dimcthylformamide (1 5ml) was 
treated with sodium hydride (0.1 4g) (45-55% dispersion in oil). The reaction mixture was 
then stirred for 30 minutes at ambient temperature under argon. 4-Cyanobenzyl bromide 
5 (0.4 Ig) was added and the mixture heated slowly to 80°C and then maintained at this 
temperature for 2 hours. The resulting mixture was then poured into water, basified with 
aq.NaHCOj solution and then extracted with diethyl ether. The organic extracts were then 
washed with aq.NaHCOj, water brine, dried (MgS04) and evaporated. The residue was 
recrystallised from toluene/hexane to give l-(4-pyridyl)-4-(4-cyanobenzyl)piperazine 
10 (0.08g) as a solid, m.p. 137-138°C; microanalysis, found: C.73.3; H, 6.5; N, 19.8%; C|7H,gN4 
requires: C, 73.4; H, 6.5; N,20.1%; NMR: (CDCI3) 2.56(t,4H); 3.35(t,4H): 3.61(s.2H); 
6.67(dd.2H); 7.49(d.2H); 7.63(d,2H); 8.28(dd,2H); MS: m/z279(MH)^ 

Example 18 

1 5 A solution of N-(4-pyridyl)piperazine (0.33g) in dry dimcthylformamide ( 1 5ml) was 

treated with sodium hydride (0.1 4g) (45-55% dispersion in oil). The reaction mixture was 
then stirred for 30 minutes at ambient temperature under argon. A solution of 2-fluoro-4- 
bromobenzyl bromide (2.6ml) (20% w/v in dichlorobenzene) was added and the mixture was 
heated slowly to 70°C and then maintained at this temperature for 24 hours. The resulting 

20 mixture was then poured into water and then extracted with diethyl ether. The organic 
extracts were then washed with aq.NaHCOj, water, brine, dried (Na^SOj) and evaporated. 
The residue was then purified by flash chromatography on alumina (ICN Alumina N 32-63) 
using an increasing concentration of etliyl acetate in isohexane (50 - 100% ethyl acetate) and 
then up to 10% methanol in ethyl acetate as eluenl to give after recrystallisation l-(4-pyridyl)- 

25 4-(2-fluoro-4-bromobenzyI)pipcrazine (O.OSg) as a solid, m.p. 77-78'*C; microanalysis, found: 
C,54.4; H, 4.8; N, 11.1%; Ci^HnNjFBr requires: 54.9; H, 4.9; N, 12.0%; NMR: 
3.28(s,8H), 3.54(s,2H); 6.79(d,2H); 7.41(d,2H); 7.52(d,lH); 8.13(d,2H): MS: m/z350 (MH)\ 

Examplg 19 

30 Using an analogous procedure to that described in Example 16. but using 3,4- 

diclilorobenzy [bromide as starting material was prepared l-pyridyl-4-(3.4- 
dichlorobenzyOpiperazine (43% yield), microanalysis, found: C»59.3: H. 5.4: N, 12.75%; 
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Cl6Hl7Cl2^/3 requires C, 59.6; H, 5.3; N, 13.0%; NMR: 2.4-2.45 (m.4H), 3.3-3.45 (m,4H), 
3.55 (s,2H), 6.6 (d,2H), 7.3-7.4 (dd,lH), 7.55-7.65 (m,2H), 8.15 (d,2H): MS m/z 322 (MH)'. 



Example 20 

5 Using an analogous procedure to that described in Example 1 6, but using 4- 

nitrobenzylbromide as starting material, was prepared l-pyridyl-4-(4-nitrobenzyl)piperazine 
(47% yield), NMR : 3.7 (s,2H), 6.8 (d,2H), 7.65 (i2H). 8.15 (d,2H), 8.2 (d,2H); MS: m/z 299 
(MH)*, 

10 Example 21 

l-(4-Pyridyl)piperazine (9.78g) and l-bromo-4-nitrobcnzene (6.67g) were stirred as a 
melt at I200c for 1 hour. The mixture was cooled to ambient temperature and 5% methanol 
in dichloromethane (lOOmI) was added. The solid mass broken up by sonication and the 
mixture was stirred for 16 hours. The resulting solid was collected by filtration and purified 

1 5 by flash chromatography on silica gel using a gradient of 5-15% methanol / 0. 1 % ammonia 
(SG. 0.88) in dichloromethane as eluant to give a product of sufficient purity to continue 
(6.35g) m.p. 225-2260C. 

A solution of this solid (l.Og) in concentrated hydrochloric acid (10ml) was treated 
with granulated zinc (0.5g) and stirred at 1 lO^C for 2 hours. Water (50ml) was added to the 

20 mixture and unreacted zinc was removed by filtration. The product hydrochloride precipitated 
from the filtrate on cooling. This solid was collected, dissolved in 20% potassium hydroxide, 
extracted with dichloromethane (4x 25ml), washed with water, brine, dried (MgS04) and 
evaporated. There was thus obtained l-(4.aminophenyl)-4-(4-pyridyl)piperazine as a free 
base (0.88g), microanalysis, found: C,70.8; H,7.1; N,22.0; C15H18N4 requires: CJl.O; 

25 H.7.3; N,22.0; NMR: 3.01(t,4H), 3.4l(t,4H), 6.52(d,2H), 6.75(d,2H), 6,86(d,2H). 8.17(d2H); 
MS: m/z 255 (MH)*. 



A solution of l-(4-pyridyl)piperazine (0.49g) in dry dichloromethane (20ml) and 
30 triethylamine (0.7ml) was treated slowly with a solution of 4-bromobcnzoyl chloride r0.7g) in 
dry dichloromethane ( lOml). The reaction mixture was then stirred under argon for 2 hours. 

Ml 
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The dichloromethane solvent was removed by evaporation and the residue dissolved in ethyl 
acetate. The organic extracts were then washed with aqueous sodium hydrogen carbonate 
solution, water, brine, dried (Na2S04) and evaporated to yield a colourless oil. The residual 
oil was then triturated with diethyl ether and recrystallised from ethyl acetate/isohexane to 
5 give l-(4-pyridyl)-4-(4-bromobenzoyI)piperazine (0.62g) as a solid, m.p. 128-129 ''C; 
microanalysis, found: C,55.7; H,4.7; N.12.0%; CigHj^NjOBr requires: C,55.5; H,4.7; 
N,12.1%: NMR: (CDCI3) 3.36(s,4H), 3.73(s,4H), 6.67(dd.2H), 7.33(dA2H), 7.58(dd,2H), 
8.34{dd.2H); MS: m/z 346 (MH)*. 

10 Example 23 

A solution of l-(4-pyridyl)pipera2ine (0.49g) in dry dichloromethane (20ml) and 
triethylamine (0.7ml) was treated slowly with a solution of 4-cyanobenzoyl chloride (0.50g) 
in dry dichloromethane (30ml). The reaction mixture was then stirred under argon for 2 
hours. The dichloromethane solvent was removed by evaporation and the residue dissolved in 

1 5 ethyl acetate. The organic extracts were then washed with aqueous sodium hydrogen 

carbonate solution, water, brine, dried (Na2S04) and evaporated to give a colourless oil which 
was cr>'stallised from ethyl acetate/isohexane to afford l-(4-pyridyl)-4-(4- 
cyanobenzoyOpiperazine (0,25g) as a solid, m.p. 164-165 **C; microanalysis, found: C, 69.7; 
H,5.6; NJ8.5%; CpHi^N^O requires: C.69.8; H,5.52; N,19.2%; NMR: (CDGI3) 3.38(bs,4H), 

20 3.75(bs.4H), 6.67(dd,2H), 7.56(dd,2H), 7.76(dd,2H), 8.32(dd,2H): MS: m/z 293 (MH)". 

A solution of 2-fluoro-4-bromobenzoic acid (0.24g) in dry dimethylformamide ( 1 0ml) 
was treated with l-(3-dimcthylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.!7g) and 

25 stirred for 30 minutes at ambient temperature under argon. A solution of 1 -(4- 

pyridyl)pipcrazine (1.6g) in dry dimethylformamide (3ml) was added to the mixture and the 
mixture cooled to 50*^0. The reaction was then allowed to warm to room temperature and 
stirred overnight. The solution was poured into water and then extracted into diethyl ether, 
washed with aqueous sodium hydrogen carbonate solution, water, brine, dried (Na2S04) and 

30 evaporated to yield a colourless oil. This oil was then triturated with diethyl ether and 
recrystallised from ethyl acetate/isohexane to give l-(4-pyridyl)-4-(2-nuoro-4- 
bromobenzoyOpiperazine (0.14g) as a solid, m.p. 125-126'^C; microanah sis. found: C,52,6; 
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H.4.I; N.l 1.2%; C,5H,5BrFN30 requires: C,52.8; 11,4.15; N,l 1.5%; NMR: (CDCI3) 
3.32(t.2H), 3.46(t,4H), 3.94(i.2H), 6.68fdd,2H), 7.29-7.43(m,3H), 8.33(d.2H); MS: m/z 364 
(MH)'. 

A solution of l-(4-pyridyI)piperazine (0.49g) and tricthylamine (0.7ml) in dry 
dichloromeihane (20ml) was treated slowly with a solution of 4-bromophenyIsulphonyl 
chloride (0.77g) in dry dichloromeihane (10ml). The reaction mixture was then stirred under 
argon for 2 hours. The dichloromethane solvent was removed by evaporation and the residue 

10 dissolved in ethyl acetate. The organic extracts were washed with water, brine, dried 

(MgSOj) and evaporated to \ ield a white crystalline solid which was recrystallised from ethyl 
acetate to give 1 -(4-pyridy])-4-(4-bromophenylsulphonyl)piperazine (0.84g) as a solid, m.p. 
199-200 '^C: microanalysis, found: C,47.3; H,4.1; N,10.9%; CisHi^BrNjOsS requires: C,47.1; 
H,4.22: NM 1.0%; KMR: (CDCI3) 3.13(t,4H), 3.42(t,4H), 6.62(dd,2H), 7.67(q,4H),. 

15 8.29(d.2H): .MS: nvz 382 (MH)'. 

Example 26 

Pyridine (Iml) was added to a solution of l-(4-pyridy!)piperazine (0.33g) in dry 
dichloromeihane (20ml) and tricthylamine ( 1 ml) at 5^ C. The reaction mixture was treated 

20 with 4-cyanobenzenesulphonyl chloride (0.40g). The reaction mixture was then stirred under 
argon for 4 hours allowing to warm to room temperature. The dichloromethane solvent was 
removed by evaporation and the residual pyridine solution poured into aqueous sodium 
hydrogen carbonate solution and then extracted with ethyl acetate. The organic extracts were 
then washed with aqueous sodium hydrogen carbonate solution, water, brine, dried (MgS04) 

25 and evaporated to yield a pale cream solid which was then recrystallised from ethyl 

acetatc'isohexane to give l-(4-pyridyl)-4-(4-cyanophenylsulphonyl)pipera2ine (0.3 Ig) as a 
solid, m.p. 212-213 *'C; microanalysis, found: C, 58.8; H,4.9; N,17.1%; CiaHj^N^OiS 
requires: C.58.5: H.4.91: N.17.1%: NMR: (CDCI3) 3.18(t,4H), 3.44(t,4H), 6.62(dd,2H), 
7.88(q.4H). SJ0(dd.2H): MS: m.'z 329 (MH)". 
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Example 27 

I-(4-Pyridyl)-4-(4-aminophenyI)piperazine (0,4g) was dissolved in dry 
dichloromethane (40ml) and cooled to 0° C. Triethylamine (0.4ml) was added followed by 4- 
cyanobenzenesulphonyl chloride (0.6g). The reaction mixture was then stirred overnight. The 
5 mixture was washed with aqueous sodium hydrogen carbonate solution, water, brine, dried 
(MgS04) and evaporated to yield the crude solid product. This solid was purified by flash 
chromatography on ICN Alumina (N 32-63) using and increasing concentrations of ethyl 
acetate in isohexane (50 - 100% ethyl acetate) and up to 1 0% methanol in ethyl acetate as the 
eluent to give l-(4-pyridyl)-4-(4-cyanophenylsulphoaamidophenyl)piperazine (0.1 2g) as a 
10 solid, m.p. 237-238^C; microanalysis found: C,61.4; H,4.9; N,15.5%; C.H.jNsOnS.O.S H2O 
requires: C,61.7; H,4.9; N.16.3%; NMR: 3.17(t,4H), 3,42(t,4H), 6.81-6.97(m,6H), 7.82(d,2H), 
8.02(d,2H). 8.I8(d2H): MS: m/z420 (MH)\ 

The 1 -(4-pyridyl)-4-(4-aminophenyl)piperazine used as starting material was prepared 
as follows: 

1 5 Sodium hydride (0.5g) (45-55% dispersion in oil was added to a solution of I -(4- 

pyridyl)piperazine (0.9g) in dry dimethylfonnamide (10ml) at ambient temperature and 
stirred for 30 minutes. After this time, 4-fluoronitrobenzene (0.65ml) was added slowly and 
the temperature raised to 70^ C, The mixture was maintained at this temperature for 2 hours. 
The reaction mixture was then quenched by pouring into water and acidifying with aq 2N HCi 

20 solution to pH I . The acidic layer was washed with diethyl ether and then basified with aq 
2N.NaOH solution. The resulting precipitate was filtered, washed with water, dissolved in 
methanol, filtered through phase separator papet and evaporated to dryness. The resulting 
crude material was recrystallised from methanol/ethcr to give l-(4-pyridyl)-4-(4- 
nitrophenyl)piperazinc (0.64g) as an oil, NMR: (CDCI3) 3.61(q,8H), 6.58(d.2H), 6.81(d,2H), 

25 8.16(A2H). 8.33(bs.2H); MS: m/z285 (MH)'. 

A solution of sodium dithionite (2.5g) in water (10ml) was added to a warmed solution 
of l-(4-pyridyl)-4-(4-nitrophenyl)piperazine (0.55 Ig) in methanol {50ml) and the mixture was 
allowed to reflux for 2 hours. The methanol was removed by evaporation and the resulting 
concentrated solution was basified with solid NaiS04. The organic material was extracted 

30 into ethyl acetate, washed with water, brine, dried (Na2S04) and evaporated to give l-{4- 
pyridyl)-4-(4-aminophenyl)piperazine (0.4g) as an oil. NMR: (CDCI3) 3.14(i,4H). 3.48(t,4H), 
6.68(m.4H). 6.S5(d.2H). 8.3 1(bd.2H): MS: m z 255 (MH)'. 
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Exnmple 28 

A solution of 4-chloropyrimidine HCl (450mg) and 4-bromophenyi sulphonyl 
piperazine (300mg) in ethanol (20ml) and water (2ml) containing triethylamine (0.5ml) was 
heated under reflux overnight. The solution was evaporated and water (50ml) added and the 
5 solution basified to pH 8 by addition of solid potassium carbonate to give a precipitate which 
was filtered and washed with water and air dried. The crude solid was dissolved in 
acetonitrile and chromatographed on an alumina column (ICN Alumina N 32-63) eluting with 
30% tctrahydrofuran/ethyl acetate and then acetonitrile to give pure product which was 
recrystallised from a mixture of ethyl acetate/isohexane to give 1 -(4-pyrimidyI)-4-(4- 
10 bromophenylsulphonyl)piperazine (44mg) as a solid, m.p. 196-1 97*^0; microanalysis found: 
C.43.9: H.3.9; N,14,4%; Ci4H,3BrN402S requires: C,43.9; H,3.9; N,I4.6%; NMR: 2.9- 
3.1(m,4Hl 3.6-3.8(nMH). 6.8(dd,lH), 7.6-7.7(i2H), 7.8-7.9(d,2H). 8.1-8.2(d,lH), 8.5(s,lH); 
MS:m/z383 (MHf. 

The l-(4-bromophenylsulphonyl)pipera2ine used as starting material was prepared as 
15 follows: 

To a stirred solution of piperazine (10.8g) in dry dichloromethane (160ml) and 
triethylamine (20ml) at 0^ C was added slowly a solution of 4-bromobenzenesulphonyl 
chloride (16g) in dichloromethane (80ml) and stirred for 24 hours. The reaction was then 
quenched b}' removal of the dichloromethane solvent by evaporation, taken up in water and 

20 extracted with ethyl acetate. The organic extracts were washed with aqueous sodium 

hydrogen carbonate solution, water, brine, dried (MgS04) and then evaporated to give a white 
crystalline solid which was recrystallised from ethyl acetate/isohexane to afford 
l-(4-bromophenylsulphonyl)pipera2ine (14.1g) as a solid, m.p. 102-104° C; microanalysis 
found: C.39.5; H,4.4: N,9T%: C,oH,3BrN202S requires: C,39.4; H,4.3; N.9.2%; NMR 

25 (CDC13): 1.52(s,lH). 2.97(dt,8H), 7.61(d,2H), 7.69(d,2H): MS m/z305 (MK)\ 

Carbonyl diimidazole (324mg) was added to a solution of 6-bromonaphthalene-2- 
sulphinic acid (658mg) in dimethylformamide (1 0ml). After stirring at ambient temperature 
30 for one hour N-4-(4.pyridyl)pipera2ine (326mg) was added as a solid in one portion and 
stirring continued at ambient temperature overnight. The reaction mixture was poured into 
ethyl acetate { 1 00ml). washed with water (3 x 25mlJ. brine (25ml), dried (MgSO^) and 
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evaporated to give a yellow oil which was purified by chroniatography on silica gel (Mega 
Bond Elut column) using an increasing concentration of methanol in dichloromethane (up to 
5% methanol) as eluanl to give an oil which on trituration with diethyl ether gave a white 
solid l-(4-pyridyl)-4-(6-bromonaphtalene-2-sulphenyl)piperazine (170mg), m.p. 200-202''C; 
5 microanalysis, found: C, 54.9; H, 4.4; R 10.1; C,9H,8BrN30S requires: C,54.9; H, 4.3; N, 
lO.I; NMR: 2.9-3.0(m,2H); 3.1-3.3(m,2H); 3.35-3.5(m.4H); 6.8(dd,2H); 7.7-7,8(m,2H); 8.1- 
8.2(m,4H): 8.3(s.lH): 8.35(d.lH); MS: m/24I6 (MH)*. 

F.icflnrtple 30 

10 Triethylamine (3.48ml) was added to a stirred suspension of l-{4-pyridyl)piperazine 

(4.08g) in DMF (50ml). The mixture was cooled to 4**C, and 4-nitrobenzoylchIoride (4.64g) 
added. The mixture was stirred for 1 hour at 4*'C and then for 16 hours at ambient 
temperature. Dichloromethane (250ml) was then added and the mixture washed with water 
(3 X 30mD. saturated brine (1 x 30ml), then dried (MgS04) and the solvents evaporated. The 

15 residual oil was purified by flash chromatography on silica gel using 5% v/v 

methanol/dichloromethane and then with 10% v/v methanol/dichloromethane as eluant to give 
l-{4-pyridyl)-4-(4-nitrobenzoyl)piperazine (5.09g) as a yellow solid, m.p. 158-160° C; 
microanalysis, found: C,61.3; H,5.3; N,17.6%; C16H16N4O3 requires: C,61.5; H,5.2; 
N,17.9%: NMR: 3.42{6H + H20,m), 3.87(2H,bs), 6.93(2H,d), 7.84(2H.d), 8.30(2H,d), 

20 8.41(2H.d):MS:m/z313(MH)'^. 

R!cample31 

Azodicarbonyldipiperidine (20.03g), tributylphosphine (16.06g) and I-(4-pyridyl)-4- 
piperidin-4-ol (9.43g) were added to a stirred solution of N-t-butyloxycarbonyl-4- 

25 aminophenol (1 1 .08g) in dry THF (300ml), cooled under a blanket of nitrogen to lO^C. A 
thick precipitate formed and the mixture was stirred at ambient temperature for 20 hours 
during which time the mixture slowly thinned. Tlie precipitated tributylphosphine oxide was 
removed by filtration and the residue concentrated in vacuo. The residue was purified by 
flash chromatography on silica gel using ethyl acetate followed by dichloromethane 

30 containing an increasing amount of methanol (up to 5% methanol) as eluent to give a solid 
(7,38g). nip 192-1950C. 
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A solution of this solid (4.22g) in dichloromethane (400ml) was treated with a 
saturated solution of hydrogen chloride in ether (50ml) and the mixture was stirred for 64 
hours. The mixture concenu^ted in vacuo and the residue crystallised from methanol/ether to 
give l-{4-pyridyl)-4-(4-aminophenyloxy)piperidinc hydrochloride (2.85g), mp. 289-29PC. 
5 NMR: 1.73 (m,2H), 2.06 (m.2H), 3.64 (m,2H), 3.94(m,2H), 4.76 (m,lH), 7.12(d,2H), 
7.24(d,2H), 7.34(i2H), 8.23(d,2H), 10.32 (broad, 2H); MS: m^'z 270 (MH)*. This solid (1.5g) 
was dissolved in water (10ml) and 2M sodium hydroxide added until precipitation was 
complete. There was thus obtained l-(4.pyridyl)-4-(4-aminophcnoxy) piperidine free base as 
a brown solid (1.03g) mp 214-2I50C: NMR: 1.57 (m,2H), 1.86 (m,2H), 3.24 (m,2H), 
10 3.67(m,2H), 4.31 (m,lH), 6.47(d.2H). 6.66(d,2H), 6.87(d,2H), 8.l3(d,2H); MS: m/z270 
(MH)*. 

Example 32 

A solution of N-(4-pyrid>i)piperazine (815mg), 4-nuoroben2ophenone (1.2 g) and 
15 powdered potassium carbonate (912 mg) was stirred at 95^C in DMSO (10 ml) overnight. 
The solution was poured into water (150 ml) and extracted with dichloromethane (3x50 ml). 
The dichloromethane extracts were combined, washed with water, dried (Na2S04) and 
evaporated. The residue was purified by cliromatography on alumina (ICN Alumina N 32-63) 
using 1% methanol in dichloromethane as eluani to give a solid. The solid was recrystallised 
20 from a mixture of ethyl acetaie/isohexane to give l-(4-benzoylphenyI)-4-(4-pyridyl)pipera2ine 
(450 mg) as a solid, m.p.l36-1370C. 

Example 

A solution of N-(4-pyridyl)piperazine (8.15 g), 4y-dinuorobenzophenone (13.1 g) 
25 and powdered potassium carbonate (9.12 g) was stirred at 95^0 in DMSO (100 ml) overnight. 
The solution was poured into water (1500 ml) to give a precipitate which was filtered, washed 
with water and dried. The solid (7.82 g) was stirred in irifluoroacetic acid (25 ml) under 
argon with triethylsilane (10 ml) for 18 hours. The solution was poured into water (315 ml), 
taken to pH 12 with sodium hydroxide solution and extracted with dichloromethane (2x300 
30 ml). The combined dichloromethane extracts were washed with water, dried (Na.SOJ and 
evaporated to give a residue which was purified by chromatography on alumina (ICN 
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Alumina N 32-63) using 0.5% methanol in dichloromethane as eluant. The solid obtained 
was recrystailised from a mixture of ethyl aceiaie/isohcxane to give l-(4-fluoroben2ylphenyl)- 
4.(4-pyridyl)piperazine (350 mg) as a solid, m.p.l 10-1 11 ^C. 

S K^jimplg 34 

A solution of l-(4-hydroxyphenyl)-4-(4.pyridyl)pipera2ine (670 mg), 4- 
fluorobenzonitrile (354 mg) and powdered potassium carbonate (445 mg) was stirred at 95^C 
in DMSO (12 ml) for 18 hours. The solution was poured into water (180 ml) to give a 
precipitate which was filtered, washed with water and dried. The solid w as purified by 

10 chromatography on alumina (ICN Alumina N 32-63) using 1% methanol in dichloromethane 
as eluant. This gave a solid which was recrystailised from a mixture of ethyl 
acelate/isohexanc to give I -(4-cyanophenoxyphenyl)-4-(4-pyridyl)pipera2ine ( 1 26 mg) as a 
solid, m.p.l 80-1 820C. 

The l-(4-hydroxyphenyl)-4-(4-pyridyl)pipcrazine used as starting material was 

1 5 prepared as follows: 

A solution of 4-chloropyridine HCl (450mg) and l-(4-meihoxyphenyl)-piperazine 
(226 mg) in ethanol (20 ml) and water (2 ml) containing iriethylamine (0.5 ml) was heated 
under reflux for 18 hours. The solution was evaporated, water (50 ml) added and the solution 
taken to pH 8 by addition of solid potassium carbonate to give a precipitate which was 

20 filtered, washed with water and dried. The solid (33mg) was stirred in concentrated aqueous 
hydrogen bromide (2 ml) at 140°C for 8 hours, poured into cold water (2 ml) and taken to pH 
7 with aqueous ammonia ( 1 .3 ml) to give a solid which was filtered, washed with water and 
dried to give l-(4-h\ droxyphenyl)-4-(4-pyridyi)piperazine (28 mg), m.p. 288-290''C. 

25 Exampk 35 

Using an analogous procedure to that described in Example 34, but using 2-bromo-5- 
nitropyridine as starting material in place of 4-fluorobenzoniiriIe, there was prepared l-(4-[5- 
nitro-2-pyridyloxy]phenyl)-4-(4-pyridyl)pipera2ine (50% yield), m.p. 174-175*^C. 

30 Exflynp|c36 

Sodium hydride (120 mg) (50% dispersion in oil) was added to a stirred solution of 1- 
(4-hydroxyphenyl)-4-{4-pyridyl)piperazine (510 mg) in dimethylformamide (5 ml) under 

Lit 
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argon. The solution was stinred at ambient temperature for 30 minutes and a solution of 4- 
cyanobenzylbromide (430 mg) in dimethyl formamide (5 ml) was added dropwise. The 
solution was stirred at ambient temperature overnight, water (1 50 ml) added to give a 
precipitate which was washed with water, dried and rccrystallised from ethanol to give l-(4- 
5 cyanobenzyloxyphenyl)-4-(4-pyridyl)piperazine (660mg), m.p.212-2140C. 

Example 37 

Using an analogous procedure to that described in Example 36, but using 4- 
bromobenzj'lbromide as starting material in place of 4.cyanobenzylbromide, was prepared 1- 
10 (4-bromobenzyIoxyphenyl)-4.(4-pyridyl)pipera2inc (50% yield), m.p.233-2350C. 

A solution of l-(4-formylphenyl)-4-(4-pyridyl)piperazine (1.0 g), 4- 
bromoacetophenone (745 mg) and cone, sodium hydroxide (3 drops) in ethanol (25 ml) was 
15 stirred at ambient temperature overnight to give a solid which was filtered, washed with 
ethanol and dried to gi\'e l-(4-[4-bromobenzoylethylenyl]-phenyl)-4-(4-pyridyl)piperazine 
(900mg),m.p. 201-203^0. 

The l-(4-formylphenyl)-4-(4-pyridyl)piperazine used as starting material was prepared 
as in Example 32, using 4-fluorobenzaldehyde as starting material in place of 4- 
20 fluorobenzophenonc to give N(4-formy]phenyl)-4-(4-pyridyl)piperazine (43% yield), 
m.p.ll6-1180C. 

Exampk39 

A solution of 1 -(4-formylphenyl)-4-{4-pyridyl)pipera2ine (1 .0 g), 4- 
25 methoxyacetophenone (503 mg) and concentrated sodium hydroxide (3 drops) in ethanol (25 
ml) was stirred at ambient temperature overnight to give a solid which was dissolved in 
ethanol (100 ml) and hydrogenated over 10% palladium on charcoal to give a solid which was 
rccrystallised from a mixture of ethyl acctate/isohexane to give l-(4-[4-methylbenzoylelhyl]- 
phenyl)-4-(4-pyridyl)piperazine (400 mg), m.p. 1 14-1 15"C 

30 

Example 40 
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4-Methoxybenzyitriphenylphosphonium bromide (4.47 g) was added to a solution of 
potassium t-batoxide ( 1 . 12 g) in tetrahydrofuran (50 ml) under argon. After 30 minutes at 
ambient temperature, the solution was treated with a solution of l-(4-fonnylphenyl)-4-(4. 
pyridyl) piperazine (1 .34 g) in tetrahydrofuran (25 ml) and the mixture stirred at ambient 
5 temperature overnight. The tetrahydrofuran was evaporated, the residue treated with water 
(100 ml) and extracted with dichloromethane (3x50 ml). The combined dichloromcthane 
extracts were washed with water, dried (Na2S04) and evaporated to give a residue which was 
purified by chromatography on alumina (ICN Alumina N 32-63) using 2% methanol in 
dichloromethane as eluant. This gave a solid which was recrystallised from a mixture of ethyl 
10 acetate/isohexane to give l-[4-(4-methylphenylethyIenyl)phenyl]"4.(4-pyridyl)piperazine (350 
mg) as a solid, m.p. 92-940C. 

Using an analogous procedure to that described in Example 40, but using 4- 
15 cyanobenzyhriphenylphosphonium chloride as starting material in place of 4- 
methoxybenzyltriphenylphosphonium bromide, there was prepared I-(4-[4- 
cyanophenylethylenyl]phenyl)-4-(4-pyridyl)piperazine (1 8% yield), m.p. 105-1 06OC. 

Example 42 

20 A solution of I •(4-acetylphenyl)-4-(4-pyridyl)piperazine ( 1 .Og). benzaldehyde 

(1 77mg) and concentrated sodium hydroxide (3 drops) in ethanol (25 ml) was stirred at 
ambient temperature overnight to give a solid which was filtered, washed with ethanol and 
dried to give l-(4-cimiamoylphenyl)-4-(4-pyridyl)piperazine (310mg), m.p. 208-210*'C. 

The l-(4-acetylphenyl)-4-(4-pyridyl)piperazine used as starting material was prepared 

25 as in Example 32. using 4-fluoroacetophenone as starting material in place of 4- 

fluorobenzophenone to give 1-(4-acetylphenyl)-4-(4.pyridyl)piperazine (40% yield), m.p. 176- 
I770C. 

Example 43 

30 Using an analogous procedure to that described in Example 42. but using 4- 

tert-but> I benzaldehyde as starling material in place of benzaldehyde, there was prepared l-[4- 
(4-t-buiylcinnamoyl)phenyl]-4-(4-pyridyl)piperazine (46% yield), m.p. 213-2]4"C. 

60 
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Using an analogous procedure to that described in Example 39, but using as starting 
material l-(4-acetylphenylH-(4-pyridyl)piperazine in place of l-{4-formylphenyl)-4-(4. 
5 pyridyOpiperazine and 4-toIualdehyde in place of 4-methylacetophenone, was prepared I -[4- 
(4-mcthylphenylpropionyl)-phenyl]^-(4-pyridyl)piperazine (27% yield), m.p. 130-I32''C. 

A solution of 4-(4-pyridyl)piperazine (5.0 g), bis(4.fluorophcnyI)sulphone (15.58 g) 
10 and powdered potassium carbonate (6.35 g) was stirred at 95^C in DMF (30 ml) overnight. 
The solution was poured into water (150 ml) to give a black solid from which the aqueous 
phase was decanted. The solid was heated in ethanol and a brown solid was collected by 
filtration. The filtrate was evaporated and the residue was purified by chromatography on 
alumina (ICN Alumina N 32-63) first using ethyl acetate as eluent followed by 10 % 
15 methanol in dichloromethane. This gave l-(4-fluorophenylphenylsulphone)-4-(4- 

pyridyOpipcrazine as a yellow solid (52 1 mg); microanalysis: Found C, 63.3; H, 5. 1 ; N. 
10.9%; C2JH20FN3O2S requires: C, 63.5; H, 5.07; N, 10.6%. 

20 A mixture of 4-[j-(4-cyanophenoxy)-l -pyrroIidinyl]pyridine (269 mg) and powdered 

potassium hydroxide (568 mg) in t-butanol (10 ml), under an atmosphere of argon, was heated 
under reflux for 1 8 hours. The mixture was filtered hot. The filtercake was washed with 
water and ethanol to give 4-[3-(4-carbamoylphenoxy)-l-pyrrolidinyl]pyridine (166 mg) as a 
colourless solid, 

25 mp298-300°C, 

The 4-[3-(4-cyanophenoxy)-I-pyrrolidinyI]pyridine used as starting material was 
prepared as follows: 

A solution of 4-chloropyridine hydrochloride (8.86 g), 3-pyrroIidinol (5.14 g) and 
trieihy famine (14.8 ml) in water (65 ml) was stinred and heated under reflux for 65 hours. The 
30 solution was evaporated to a semi-solid. This residue was purified by flash column 
chromatography on silica (Merck 9385) using a 00:10:3 (v/v/v) mixture of ethyl acetate, 
methanol and aqueous ammonia solution as elueni, to give, after trituration with ethyl acetate. 
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4-(3-hydroxy- 1 -pyrrolidino)pyridine (5,95 g) as a cream solid, mp 207-209''C. 

A solution of diethyl azodicarboxylate (1.73 ml) in dried tetrahydrofuran (10 ml) was 
added dropwise to a stirred mixture of triphenylphosphine (3.15 g), 4-cyanophenol ( 1 .3 1 g) 
and 4-(3-hydroxy-Npyrrolidinyl)pyridine (1.64 g) in dried tetrahydrofuran (45 ml), under an 
5 atmosphere of argon, at 5-7°C. The resulting solution was stirred at ambient temperature for 
16 hours. The solid, which had separated, was filtered off and washed with diethyl ether to 
give 4-[3-(4-cyanophenoxy) -l-pyrrolidinyl]pyridine (823 mg) as an off-white solid, mp 182- 
185^C. 

10 Example 47 

A 2M solution of sodium methoxide in methanol (0.89 ml) was added to a suspension 
of ethyl 4-[4-(4-pyridy!)-l -pipera2inyl]benzoate (500 mg) in a 33% solution of 
monomethylamine in ethanol (15 ml). The mixture was stirred at 40°C for 18 hours. The 
mixture was cooled and the solid was collected by filtration. The solid was washed with 
15 ethanol and ether to give l-(4-methylcarbamoylphenyl)-4-(4-pyridyl) piperazine (374 mg) as a 
cream solid, mp 239-242°C. 

The ethyl 4-[4-(4-pyridyl)-l-piperazinyl]benzoaie used as staning material was 
prepared as follows: 

A solution of 4-(4-pyridyl)piperazine (9.78 g), ethyl 4-fluorobenzoate (9.7 ml) and 
20 powdered potassium carbonate (9.9 g) in dried dimethylsulphoxide (60 ml) was heated at 
95^C for 18 hours. The mixture was poured into water (1200 ml) and stirred for 30 minutes. 
The precipitate was filtered off, washed with water and dried. The solid was purified by flash 
column chromatography on alumina (ICN alumina N32-63) using 1% methanol / 
dichloromethane as eluent. to give ethyl 4-[4-(4-pyridyl)-l-piperazinyl]benzoate (4.85 g) as a 
25 cream solid, mp 162- 164^*0. 

Example 48 

Oxalyl chloride (0.25 ml) was added dropwise to a stirred suspension of 4-[l-(4- 
pyridyI)piperazin-4-s l]benzoic acid (530 mg) in dried dichloromethane (20 ml ) containing 
30 dimethylformamide { 1 drop). The mixture was stirred at ambient temperature for 1 .5 hours 
and evaporated to dryness. The residue was suspended in dried dichloromethane (25 ml). 
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t-Butylamine (2 ml) was added slowly to this stirred suspension at The mixture was 
stirred at ambient temperature for 3 hours, then evaporated to dryness. The residue was 
suspended in aqueous sodium hydrogen carbonate solution (30 ml) and the mixture was 
extracted with ethyl acetate (3 x 60 ml). The ethyl acetate extracts were combined, washed 
5 successively with aq NaHC03 solution (30 ml) and saturated brine (30 mi), dried (Na>S04) 
and evaporated to dryness. The residue was recrystallised from ethyl acetate (25 ml) to give 
give I-(4.i-butylcarbamoylpheny])-4-(4.pyridyl)pipera2ine (390 mg) as a colouriess solid mp 
214.2I7°C. 

The 4-[l-(4-pyridyl)piperazin-4-yl]benzoic acid used as starting material was prepared 
10 as follows: 

IM sodium hydroxide solution (103 ml) was added to a suspension of ethyl 4-[4-(4- 
pyrrdyl)-l-piperazinyl]benzoate (10.3 g) in ethanol (200 ml) and the mixture was stirred at 
ambient temperature for 1 6 hours. The solution was evaporated to dryness. Tlie residue was 
stirred in water (515 ml) for 15 minutes and any insoluble material was filtered off. The 
15 filtrate was treated with ice-cooled 1 M hydrochloric acid (103 ml). The precipitate was 
filtered off, slurry washed with water, sucked dry and dried over phosphorus pentoxide, at 
50°C for 2 days to give 4-[l-(4-pyridyl)piperazin-4-yI]-benzoic acid (5.24 g) as an off-white 
solid, mp >300°C. 



20 Example 49 

Using an analogous procedure to that described in Example 48. but using n- 
butylamine as staning material in place of t-butylamine, was prepared l-(4-n- 
butylcarbamoylphenyl)-4-(4-pyridyl)piperazine (67% yield) as a colouriess solid, mp 172- 
174*^0. 

25 

Example 50 

l-(4-Methoxycarbcnylphenylmethyl)-4-(4-pyridyl)pipera2ine (933mg;3.0mmol) was 
dissolved in methanol (8ml) and treated at ambient temperature under an argon atmosphere 
with an excess of piperidine (-20 equivalents) and 2M sodium methoxide in methanol (3ml). 
30 The resulting solid suspension was heated at 65^C under reflux for 20hours and then allowed 
to cool to room temperature. The reaction mixture was treated with a saturated aqueous 
solution of sodium hydrogen carbonate and extracted with CH2CU. The organic extracts were 

53 
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washed with water and brine, dried over MgSOj, filtered and evaporated to yield an impure 
solid. The solid was chromatographed on silica gel (Varian bond clut-trademark) prepacked 
silica column, eluting with a mixture of methanol (1%), ammonium hydroxide (1%) and 
dichloromethane (98%) to give l-(4-N-piperidinocarbonylphenylmethyl)-4-(4- 
5 pyridyDpiperazinc (386% yield), NMR (CDCI3): 1.51-1,73 (m.6H). 2.58 (t,4H), 3,28 (t,4H), 
3.49 (s,4H), 3.57 (s.2H), 6.64 (dd,2H), 7.30 (s,4H), 8.25 (dd2H). 

The l-(4-mcthoxycarbonylphenylmethyl)-4-(4-pyridyl)pipcrazine used as starting 
material was prepared as follows : 

4-Pyridyl piperazine {3.26g) was dissolved in 20ml of 10% water in iso-propanol and 

10 treated at ambient temperature, with agitation, with methyl 4-bromomeihyl benzoate (4.58g) 
and triethylamine (lOml). The resulting yellow suspension was stirred vigourously for 
30minutes at room temperature and then heated at lOO^C under reflux for 20hours. The 
suspension cleared to become a yellow solution when the reaction temperature had reached 
60^C. After this period of heating the reaction mixture was allowed to cool to room 

15 temperature and the solvent removed by rotary evaporation under reduced pressure to yield an 
amber slurry. The slurry was treated with 2N aqueous sodium hydroxide and extracted with 
dichloromethane. The organic extracts were washed with saturated brine, dried over MgS04. 
filtered and evaporated down to an amber oil, which, after drying over 60hours on a high 
vacuum pump yielded a pale yellow solid, 4.63 g ( 74%). 

20 

Example 51 

Using a similar method as described in Example 50 but using methylamine in place of 
piperidine there was obtained l-(4-N-methylaminocarbonylphenylmeth} l)-4-(4- 
pyridyOpiperazine (76% yield), m.p. 188-190'*C. 

25 

Kxampk 52 

l-(4-Carboxyphenylmethyl)-4-(4-pyridyl)p!perazine(594mg) was suspended in 
dichloromethane (25ml) and treated at ambient temperature with thionyl chloride (5ml) and 
heated at 40**C over IShours. After this period the reaction mixture was allowed to cool to 
30 room temperature, evaporated to dryness, azeotropcd with toluene and dried under high 
vacuum for 2hours. The yellow solid obtained was suspended in dichloromethane (20ml), 
stirred in an ice bath and treated at Oo'^C with 5 equivalents of morpholinc. The suspension 
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was allowed to warm to ambient temperature and stirred for IShours. After this period the 
reaction mixture was treated with saturated aqueous sodium hydrogen carbonate and extracted 
with dichloromethane. The organic extracts were then washed with water and saturated brine, 
dried over MgS04, filtered and evaporated down to yield an impure solid. The solid was 
5 purified by chromatography on silica gel (Varian bond elut-trademark) prepacked silica 
column with a mixture of methanol (1-4%), ammonium hydroxide (1%) in dichloromethane 
to give U(4-N-morpholinocarbonylphenylmethyI)-4-(4-pyridyl)pipera2ine (33% yield) m.p. 
121-125T. 

The l-(4-carboxyphenylmethyI)-4-(4-pyridy])piperazine used as starting material was 
10 prepared as follows : 

l-(4-MethoxycarbonYlphenylmethyl)-4-(4-pyridyl)pipcra2ine (4.5g) was dissolved in 
methanol (SOml) and treated at ambient temperature with 2M aqueous sodium hydroxide 
(36ml). The resulting solution was stirred at room temperature for 3hours and concentrated 
by evaporation to an aqueous solution of the sodium salt of the acid. This solution was just 
1 5 acidified with glacial acetic acid (4.3ml) to give a white precipitate which was collected by 
filtration, washed with water and dried to give l-(4-carboxyphenylmethyI)-4-(4- 
pyridyl)piperazine in 90% yield. 

EXftTnpl^ 53 

20 Using a similar method to that described in Example 52 but using ethylamine in place 

of morpholine there was obtained l-(4-ethylaniinocarbonylphenylmethyl)-4-(4- 
pyridyOpiperazine (5 1 % yield), m.p. 213-21 5°C. 

25 Using a similar method to that described in E-xample 50 there was obtained the 

following compounds. 



30 



S3 
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5 




10 Fxample 55 

Ethyl magnesium chloride (3M) in anhydrous THF (1.0ml) was treated at room 
temperature under argon with a solution of I-(4-acetylphenyl)-4-(4-pyrid\i)piperazine 
(281mg) in anhydrous THF (1 5ml). The resulting solid suspension was heated at 70^C under 
reflux for 3hours. The mixture was cooled in ice at 0-5^C and treated with diethyl ether and a 

15 saturated solution of aqueous ammonium chloride. The reaction mixture was stirred for 10 
minutes with ice cooling and at room temperature for 10 minutes. The aqueous phase was 
then extracted with dichloromethane and the ether phase was evaporated. The residue was 
dissolved in dichloromethane and combined with the other organic extracts. The combined 
extracts were then washed with saturated brine, dried over MgSOj, fihered and evaporated to 

20 give an impure orange solid. The solid was purified by chromatography on a prepacked silica 
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column (''Varian bond elut-irademark), eluting with a mixture of methanol (1-2%) and 
ammonium hydroxide (1%) in dichloromethane to obtain a pale yellow solid which was 
triturated with diethyl ether to give l-(4-(l -hydroxy- 1-methylethy !)phenyl)-4-{4- 
pyridyOpiperazine (21% yield) as a pale yellow solid, m.p. 234-235°C. 

5 

Example 56 

4-(5-Cyano,2-pyridinoxy)piperidine (337 mg) and 4-chloropyridine hydrochloride 
(284 ni2) were dissolved in water (10 mL) and treated with triethylamine (0.47 mL) in 
isopropanol (1 mL) and refluxcd for 24 hours. The reaction was quenched by evaporation of 

1 0 the solvent. The residue w as dissolved in dichloromethane and washed with aqueous sodium 
hydrogen carbonate solution, water, brine, dried (MgS04) and evaporated. The residue was 
triturated with diethyl ether to give l-(4-pyridyI),4-(5-cyano,2-pyridinyloxy)piperidine (50 
mg) as a pale cream crystalline solid; microanalysis, found: C,66.4; H, 5.6; N,19.0%; 
CeHj.NjO.Oo.H.O requires: C,66.4; H,5.9; N,19.4%; NMR: (CDCI3) 1.90 (m.2H), 2.10 

15 (m,2HK 3.32 (m.2H), 3.67 (m,2H), 5.37 (m,lH), 6.68 (d,2H), 6.80 (d,lH), 7.78 (dd.lH), 8.28 
(d.2H), 8.47 (d.lH); MS: ni/z281 (MH)^ 

The 4-(5-cyano,2-pyridinoxy)piperidine starting material was prepared as follows: 
To a solution of l-(t-butyloxycarbonyl)-4-pipcridinoI (600 mg) in 
dry D.MF (20 mL) was added sodium hydride (0.24g, 50% dispersion 

10 in oil) and stirred under argon for I hour. 2-ChIoro,5-cyanopyridine (0.44 g) was added and 
the mixture was healed at 70^C overnight. The reaction was quenched by pouring into water 
and extracted with diethyl ether. The extract was washed with waier, 
brine, dried (MgSOJ and evaporated. The residue was then chromatographed on silica gel 
eluting with a mixture of dichloromethane (25%) in isohexanc increasing to dichloromethane. 

15 The residue was recrysiallised from isohexane to afford l-(t-butyloxycarbonyl),4-f5-cyano.2- 
pyrid> loxy)piperidine (400 mg) as a colourless crystalline solid; NMR: (CDCI3) 1.46 (s,9H), 
164 . 182 (m.2H). 1.92 - 2.09 (m,2H), 3.21 - 3.36 (m,2H), 3.70 - 3.84 (m,2H), 5.28 (mJH). 
6.78 (d.lH). 7.77 (ddJH): MS: m/z 304 (MH)*. 

To l-(t-butyloxycarbonyl),4-(5-cyano,2-pyridinyloxy)piperidine (1.6 g) in 

0 dichloromethane (20 mL) was added trifluoroacetic acid (1 .2 mL) and the reaction stirred at 
room temperature for 1 hour. The reaction was quenched by evaporation of trifluoroacetic 
acid dissoh ing the residue in water, basifying with sodium hydrogen carbonate and extracting 
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with dichloromelhane. The organic layer was then washed with water, brine, dried (MgS04) 
and evaporated to yield 4-{5-cyano,2-pyridyloxy)piperidine as a white crystalline solid (337 
mg), MS:m/z279 (MH*). 



5 Rxampig 57 

Using the procedure described in Example 1 , the following compounds were prepared. 



Ring A X ^ 




R 



Compound Ring A X 
No 



1 " 1 -piperazin-4-yl - 

2 l-piperazin-4-yl - 

3 1 •piperazin-4-yl - 

4 1 -piperazin-4-yl - 

5 l-piperazin-4-yl - 

6 1 -piperazin-4-yl - 

7 l-piper2izin-4-yl - 

8 1 -piperazin-4-yl - 

9 l-pipcrazin-4-yl - 
10** l-pyrolidino-yl 0 



R m.p. (*»C) 

4-CH2NH, 167-168 

4-fluorophenyl- 1 69- 1 70 
sulphonamidomethyl 

3- nitrophenyI- 10.66 
sulphonamidomethyl minutes ♦ 
3.4-dimethoxy- 11.43 
phenylsulphonamido minutes * 
2,4,5-trichloro- 13.03 
phenylsulphinamidomeihyl minutes * 
2-chloro-4- 10.64 
cyanosulphonamido-melhyl minutes * 
3,4-dimethyl. 12.53 
sulphonamidomethyl minutes * 

4- t-butyl- sulphonamido 13.68 
methyl minutes * 
2-nilro sulphonaminomethyl 1 0,56 

minutes * 

4-cyano 174-175 
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[a] see intermediate in Example 1 . 

[b] prepared using the method of Example 3 1 . 
* retention lime on HPLC column: 

5 

Column HYPERSIL ODS 5^ 
Flow Rate h5ml/min 
Detector Wavelength 280X 
Oven Temperature 40 **C 
10 Solvent C 30 mmol EtjN/HjO 
Solvent D 30 mmol Et3N/CH3CN 



Time 


% Solvent C 


% Solvent D 


0 


95 


5 


3 


95 


5 


17 


5 


95 


18 


95 


5 


20 


95 


5 



Example S« 

15 A solution of 4-pyridyl piperazine (9.78g), 4-fluorobenzonitrile(7.26g) and powdered 

potassium carbonaiedOg) was stirred and heated in DMSO(lOOml) at lOOOC for 18 hours. 
The solution was poured into water (500ml) to give a precipitate which was filtered and 
washed with water. The crude solid was dried in a vacuum oven for 1 8 hours. The residue 
was dissolved in dichloromethane and purified by flash chromatography on alumina (ICN 

20 Alumina N 32-63) using an increasing concentration of ethyl acetate in dichloromethane (up 
to 100% ethyl acetate) as eluant to give a solid which was recrystalliscd from ethyl 
acetate/isohcxane to give l-(4-cyanophenyl)-4-(4-pyridy!)piperazine (7.5g) as a solid. 
m.p.I57-1580C; microanalysis, found: C.72.7;H,6.I;N,21.0%;Ci6H]6N4 requires: 

C,72.7:H.6. 1 :N.21 .2%; NMR (dmso-d6):3.45-3.55(8H,bs):6.8-6.9(2H.d);7.0-7. 1 (2H.d); 7.55- 
25 7.65(2H.d);8.1-8.2(2H.d): MS m/Z 265 (.M+H). 



6^ 
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Example 59 

A solution of l-{4-cyanophenyl)-4-(4-pyridyl)pipera2ine (1.8g) in ethanol saturated 
with ammonia gas (1 50ml) was hydrogenated at 150 atmospheres and lOO^C over Raney 
5 Nickel as catalyst for 18 hours. The solution was filtered through Celite and the filtrate 
evaporated to dryness. The residue was purified by flash chromatography on alumina (ICN 
Alumina N 32-63) using a mixture of 95:5 dichloromethaneimethanol as eluant to give a solid 
which was recrystallised from tetrahydrofunin/isohexane to give l-(4-{aminomeihyl)phenyI)- 
4-(4-pyridyl)[piperazine (1.3g) m.p.l68-170OC; microanalysis, found: 
10 C,71.5;HJ.6:N,20.5%;Ci6H2oN4 requires: C,7I.6;H,7,5;N,20.9%: NMR (dmso.d6):3.2- 

3.4{4H,m);3.4-3.6(4H.m);3.65(2H,s);6.8-6.9(2H,d);6.9-7.0(2H,d);7.15-7.25(2H.d):8.!5- 
8.25(2H,d); MS: mIZ 269 (M-hH) 



Example 60 

15 To a solution of 6-chIoronicotinic acid (1 88mg.) in tetrahydrofuran (5 ml), was added 

1,1 -carbonyldiimidazole (178 mg)and the solution stirred for ! hour. A solution of l-[4-(2- 
aminoethyl)phenyl]-4-(4-pyridyl)pipera2ine (268 mg) in tetrahydrofuran (10 ml) was then 
added in one portion and the resulting solution stirred at ambient temperature overnight. The 
solution was evaporated to dryness and tetrahydofuran (2ml) and aqueous sodium bicarbonate 

20 (10 mL 1 molar) were added to the residue which was stirred vigorously for thirty minutes. 
The solution was filtered and the residue washed with water and air dried to give I r(4- 
pyridyl)-4-[4-{6-chloronicotinamidomeihyl)phenyl])pipera2ine (230 mg) as a solid* m.p. 208- 
210'C; microanalysis found: C,63.5; H,5.3; N,16.8; C22H22CIN5O O.SH.O requires: C.63.S; 
H,5.5; N,16.8: NMR (dmso-d6): 3.2-3.3(m,4H), 3.4.3.5(m,4H), 4.35-4.45(d,2H). 6.8- 

25 6.85(d,2H), 6.9-7.0(d,2H). 7.15-7.25(d,2H), 7,57-7.63(d,2H), 8.1-8.2(d,2H), 8.25- 
8.35(dd,lH), 8.65-8.7(d,2H), 9.07-9. 17(bt,lH): MS m/z 408 (M+H) 



A solution of 2.4 dichloropyrimidine (1 .5g), sodium bicarbonate ( 1 .Og) and 1 ,4 
30 piperazinyl 4 benzonitrile (1.8g) in ethanol (50 ml) was stirred and heated under rctlux for 18 
hours. Water (200ml) was added to give a precipitate which was filtered washed with water 
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and recrystallised twice from a mixture of tetrahydroftiran and hexane to give l-(4- 
cyanophenyl)-4-(2'chloropyrimidin-4-yl)piperazine (1.73g) m.p. 216-218 



Example 62 

5 To a solution of benzoic acid (122mg) in dimelhylformamide (2 ml), was added 

l,r-carbonyldiimidazole (188 mg) in dimcthylformamide (2ml) and the solution stinrcd at 
ambient temperature for I hour. A solution of l-[4-(2-aminoethyl)phenyl]-4-(4- 
pyridyOpiperazine (268 mg) in dimethylfonmamide (4 ml) was then added in one portion and 
the resulting solution stirred at ambient temperature for twelve hours. The solution was 
10 evaporated to dryness and aqueous sodium bicarbonate (8 ml, IM) added. The mixture was d 
stirred vigorously at ambient temperaturefor thirty minutes. The solid was collected by 
filtration, washed with water to give I-(4-pyridyl)-4-(ben2oyl-aminomethyl- 
phenyl)pipera2ine (389mg), retention time 1 l-49mins (same HPLC conditions as in Example 
57) 

15 

Example 63 

In a similar manner to Example 62, l-(4-pyridyl)-4-(4-(3- 
thienylcarbonylaminomethyOphenyl was prepared (386mg), retention time 14.59 minutes. 

20 Examples 64-96 

The following compounds are conveniently prepared according to the following 
general synthetic methods: 
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OH 



Method A 



Methods B. D or E 




1 . (BOC),,aq.NaOH 

2. Meth^ B, D or E 

3. Method • 



Method - 



10 O T 

and anatagous alternatives for: 




(where T = N or CH) 



15 In a typical procedure for Method A the neutral amine (or salt thereof) is mixed with a 

pyridine substituted in the 4-position with a suitable leaving group such as CI. Br, or 
methanesulphonyloxy (or salt thereof) in the presence of a suitable base such as a teniary 
amine, a metal alkoxide or a metal carbonate salt. The reaction is typically carried out at from 
room temperature to 1 50"C, preferably at about lOO'C, in a suitable solvent such as water, an 

20 alcohol or xylenes. 

The starting amines are conveniently prepared by removal of a standard protecting 
group such as i-butyloxycarbonyl. The reaction is performed in the presence of a strong acid 
such as irifluoroacetic acid or a mineral acid, optionally in a solvent such as water or 
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dichloromethane, typically according to Method C. The reaction is typically carried out at 
from -20°C to 1 OO'C, preferably at about room temperature. 

In a typical procedure for Methods B and D the alcohol is mixed with a pyridine 
substituted in the 2-position with a suitable leaving group such as CI, Br, or 
5 methanesulphonyloxy (or salt thereoO, or a benzene substituted with a similarly appropriate 
leaving group, in the presence of a suitable base such as a metal hydride, a metal alkoxide or a 
metal amide and optionally a phase transfer catalyst such as a tetralkylammonium salt. The 
reaction is typically carried out at from •20''C to lOO'C, preferably at about room temperature, 
and may optionally be performed in the presence of a solvent such as tetrahydrofuran, toluene, 
10 dichloromethane or N,N-dimethylformamide. 

In a typical procedure for Method E the alcohol is mixed with a phenol or 2-pyridone 
derivative in the presence of a suitable azodicarboxylate derivative such as 
diisopropylazodicarboxylate and a phosphine derivative such as triphenylphosphine or tri-n- 
butylphosphine, or any other such variant on the general method originally defined by O. 
15 Mitsunobu et a!. (Bull. Chem. Soc. Jpn., 1971. 44. 3427). The reaction is typically carried out 
at from -20"C to 100°C, preferably at about room temperature, in a solvent such as 
tetrahydrofuran, toluene or dichloromethane under an inert atmosphere such as nitrogen or 
argon. 

Alternatively the alcohol may be derivatised as a sulphonyl ester (such as 
20 methanesulphonyl) or halide, and the typical leaving group so generated may be displaced by 
a suitable salt of the phenol or 2-pyridone derivative (such as the lithium, sodium or 
potassium salt), optionally in the presence of a phase transfer catalyst such as a 
tetralkylammonium salt (as in Method G). The reaction is typically carried out at from -20'C 
to lOO'C. preferably at about room temperature, and may optionally be performed in the 
25 presence of a solvent such as tetrahydrofuran, toluene, dichloromethane or N,N- 
dimethylformamide. 

In a typical procedure for Method F the piperazine is mixed with a heterocycle 
substituted with a suitable leaving group such as CI, Br, or methanesulphonyloxy (or salt 
thereof), or a benzene derivative substituted with a similariy appropriate leaving group. The 
30 reaction is typically carried out at from O'C to 1 SO'C, preferably at about 70 "C, in a solvent 
such as water, a suitable alcohol, toluene or other substituted benzene derivatives, under an 
inert atmosphere such as nitrogen or argon. 



(r& 
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The starting materials for the above methods are either known compounds 
prepared by conventional procedures in accordance with literature precedents. 



or may be 



General synthetic methods : 



Method A: 



5 



CI 



.HCl , EtjN 



R, 



R,R2NH 



HjO 




The amine (1.0 equivalent) and 4-chIoropyridine hydrochloride (1 .0 equivalent) 
dissolved in H2O (0.88M in each reagent) and EtsN (1.8 equivalent) was added 
10 temperature. The mixture was heated at reflux until reaction was complete. 

Method B: 



Under argon, potassium t-butoxide (2.0 equivalent) and alcohol (1.0 equivalent) were stirred 
together for 5 minutes. Tetra-n-butylammonium bromide (0.06 equivalent) was added 
followed by the 2-halopyridine (1 .53 equivalent). If necessary, the mixture was heated at 
8OOC until reaction was complete. 

20 

Method C: 



ROH 





CFjCO^H 



BOCN 



OR 
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The carbamate (1.0 equivalent) m CH2CI2 (0.88M) was cooled to 5 oq and trifluoroacetic 
acid (0.33X volume of CH2CI2) was added dropwise. The mixture was warmed to ambient 
temperature and stirred until reaction was complete. 

5 Method D: 



NaH ^R* 
ROH ^ 

^' RO ^ ' N 





Sodium hydride (60% dispersion in paraffin oil. I46mg, 1.2 equivalent) was added to 
10 an oven-dried round-bottomed flask and washed under an argon atmosphere with pentane. 
DMF (5ml) was then added followed by the alcohol (1.0 equivalent, 3.05mmol) and tetra-n- 
butylammonium bromide (59mg, 0. 1 8mmol). The mixture was added as a slurry to the 2- 
halo-pyridine (1 .5 equivalent) in a second dry flask under argon, with stirring. After the 
reaction was complete the solvent was evaporated under vacuum. 

15 

Method E: 



20 Under argon, the alcohol ( I equivalent), phenol ( 1 equivalent) and triphenylphosphine 

(1.44 equivalents) were mixed together in THF (0.3M solution) and cooled in an ice-bath. 
Diisopropylazodicarboxylate ( 1 .53 equivalents) was added dropwise. The mixture was 
allowed to warm to room temperature and stirred overnight. All volatiies uere ^emo^■ed under 
reduced pressure, and the residue was purified by column chromatography, eluting 

25 sequentially with CH,C1,: 7% MeOH/CHjCl^; 7%MeOH/l%NH40H/CH,CI,: 
l0%MeOH/l%NH,OH/CHXI>. 
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R 




X 



N 




<3 



R 



NH 



N 



N 



5 



I-(4-pyridyl)-piperazine (1.0 equivalent) was heated with the appropriate 2- 
halopyridine (1 .0 equivalent) and triethylamine (1 .0 equivalent) in aqueous t-butanol (1:10: 
0.4 1 M) at reflux until reaction was complete. 

10 Method G: 



1 5 The phenol (0.94mmol) was suspended in THF ( 1 M) under argon. 1 ml potassium t-butoxide 
solution (IM in THF) was then added, followed by the relevant tosylate (0.94nunol.in 2mi 
DMF). The reaction was heated at reflux overnight, whereupon the solvents were removed 
under vacuum. 

20 IntermeHiafPs 

l.M.Pvri(ivlV>-liY^m xvnvrrQlidine 
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Scale: 5g, 57.4mmol 

5 

Method A. Work-up: the reaction mixture was cooled in an ice bath for 1 hour. The resultant 
white solid was filtered off and washed with ice water (30 ml) and dried overnight in vacuo in 
the presence of silica gel. The product was given as fine white powder. 
Yieid5.78g (61%). 
10 Rf=0.1 (10%MeOH/l''/oNH40H/CH2Cl,) 

'H-NMR (200MHz, DMSO-d,): 5 = 2.0 (m, 2H), 3.22 (m, IH), 3.7 (m, 3H). 4.4 (m, IH). 5.0 
(s, OH), 6.32 (m. 2H), 8. 15 (m. 2H). 
MS (ESP+): m/e 165 (M+H)*. 

15 fRVl.f4-Pvridvn.%hvdrnvvpviTnliH.-n>. 

Made by the method used for racemic material. The NMR spectrum, mass spectrum and Rf 
were as for the racemic material, and the R enantiomer gave an optical rotation-<aD) of -22.5 
(c=10mg/ml, MeOH). 

20 

C S ')-l-(4-Pvridvn-)-hvdroxvpvrToliding 

Made by the method used for racemic material. The NMR spectrum, mass spectrum and Rf 
were as for the racemic material, and the S enantiomer gave an optical rotation (ap) of +22.7 
25 (c=10mg/ml, MeOH). 

|-f4-Pvridv]')-4-hvHr ox\piperiding 
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HN 



OH 



♦ N 




OH 



Scale; 26.9g, 0.266mol 

5 

Method A. using 4-hydroxypiperidine. Work-up: pH adjusted to 14 with aq. NaOH. Solid 
product filtered. Taken up with HjO & pH adjusted to 8.5. The solid product was filtered, 
dissolved in MeOH & prcadsorbed onto silica. Column chromatography, eluting with 
lO'/oMeOH/CHiClj. increasing to 20%MeOH/5%*PrNH2/CH2Cl2 gave the product as a sticky 
10 solid. 

Yield 22.25g (47%). 

Rr= 0.25 (20%MeOH/l%NH4OH/CH2Cl2) 

'H-NMR (DMSO-dj): 5 = 1 .4 (m. 2H), 1.6 (m. 2H). 3.05 (m, 2H), 3.5 (m. 3H). 6.6 (m, 2H), 
8.1 (m, 2H). 
15 MS (ESP+): m/e 179.5 (M+H)*. 

l-Ct'butQXVcarbonvn-3-f5-trifluoromethvl.?.pv ridvlnvvlpvrrnlif>ine 



20 Scale: 4.99g, 24.9mmol 

Method B, using l-(t-butoxycarbonyl)-3-hydroKypyrrolidine. The crude product was partially 
purified by column chromatography on silica, eluting with lO^/oMeOH/CHjCl;. Further 
purification by column chromatography on silica, eluting with IO%Et;0/CH,Cl2. gave the 
25 product as an oily solid. 
Yield 7.44g (S3%). 
R, = O.SI (10% Et^O/CHXlj) 
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'H-NMR (200MHz. CDCI3): 6 = 1.48 (s. 9H), 2.2 (m. 2H). 3.6 (m. 4H), 5.6 (m, IH), 6.6 (d. 
IH), 7.77 (dd, IH). 8.42 (s, IH). 
MS (ESP+): m/e 333 (M+H)*. 

5 3-f5-trifluoroiT>ethvl.?.p yridvloxv'>pviTnliHinff 




CF3 

Scale: 7.34g, 22mmol 

10 

Method C. The solvents were evaporated and the residue partitioned between EtzO and aq. 
HCl. The aqueous layer based basified vnth K^COj and extracted with CH2CU . The organic 
phase was dried over anhydrous Na2S04 and evaporated to give an orange gum. 
Yieid = 3.3g(64%) 
15 Rf = 0.83 (10%MeOH/l%NH4OH/CH2Clj) 

'H-NMR (200MHz. CDCI3): 5 = 1.95 (m. IH). 2.15 (m. IH), 2.95 (m, IH). 3.16 (m, 3H). 5.53 
(m, IH). 6.78 (d, IH). 7,74 (dd, IH), 8.42 (m. IH). 
MS (ESP+): m/e 233 (M+H)*. 

20 l-(t-bUtOXVCarbonvl>-4-r5-triflunrom>.thvl .2.nvridvlnvv^piperidine 



BOCN 




Scale: 4.<)9g. 24.9mmoi 
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Method B. The crude product was partially purified by column chromatography on silica, 
eluting with EtOAc/hexane (0% to 25% in increments of 5%). 
Rf = 0.42 {20%ElOAc/hexane) 
5 'H-NMR (200MHz, CDCI3): 8 = 1 .48 (s, 9H). 1 .75 (m, 2H). 2.0 (m. 2H), 3.3 (m, 2H). 3.78 
(m, 2H). 5.3 (m, IH). 6.78 (d, IH), 7.77 (dd, IH), 8.4 (s. IH). 
MS (ESP+): m/e 347 (M+H)*. 

4-rS-trif1»oromethvl-7-DvridvloxvY?p^riH.-r,ff 

10 




CF3 

Scale: 9.2g (impure), ca. 25mmol 

15 Method C. The solvents were evaporated and the residue partitioned between CH2CI2 and aq. 
KiCOj. The organic phase was dried over anhydrous Na2S04 and evaporated to give an 
orange gum. After trituration with EtjO the product was isolated as an off-white solid. 
Yield = 3.58g(55%) 

Rf = 0. 1 9 ( 1 0%MeOH/l roNH^OH/CHzClj) 
20 'H-NMR (250MHz. CDClj): 6 = 1.7 (m. 2H), 2.1 (m, 2H), 2.85 (m. 2H), 3.15 (m. 2H), 5.25 
(m, 1 H). 6.75 (d. IH), 7.75 (dd, IH), 8.4 (d, IH). 
MS (ESP+): m/e 247 (M+H)*. 

l-(t-butoxycarbonyl)-4-(5-bromo-2-pyridyloxy)piperidine 

25 



76 
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BOCN^^ ^-0 




Method: under argon, l-(t-butyloxycarbonyl)-4-hydroxypiperidine (0.79 g, 3.93 mmol), 5- 
5 bromo-2-pyridone (0.49 g, 3.02 mmol) and triphenylphosphine (1.14 g, 4.35 mmol) were 
dissolved in THF (20 ml). To the mixture was added diisopropylazodicarboxylate (0.91 ml, 
4.62 mmol) dropwise at ambient temperature followed by stining for 1 8 hours. The mixture 
was concentrated in vacuo and applied to the top of a silica column. Eluiion with solvent of 
increasing concentration of EtOAc in CH2CI2 and evaporation in vacvo of the relevant 
10 fractions gave the product. 
Yield = 640mg (61%) 
Rr=0.63(EtOAc) 

•H-NMR (200MHz. CDCI3): 5 = 1.46 (s, 9H), 1.7 (m, 2H). 1.92 (m, 2H). 3.25 (m, 2H), 3.75 
(m, 2H), 5.15 (m, IH), 6.61 (d, IH), 7.61 (dd, IH), 8.13 (d. IH). 
15 MS (ESP+): m/e 357/9 (M+H)*. 

4-f5-brQmo-2-nvndvloxv1piperiding 




Br 

20 Scale: 4.99g. 24.9mmol 

Method C. The solvents were evaporated and the residue partitioned between Et.O and aq. 
HCl. The aqueous layer based basified with KjCOj and extracted with CHXlj . The organic 
phase was dried over anhydrous Na2S04 and evaporated to give an orange gum. 
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Yield = 380mg (90%) 

Rf = 0.43 (20%MeOHyi%NH4OH/CH2Cl2) 

'H-NMR (250MHz, CDClj): 8 = 1 .7 (m, 2H), 2.05 (m, 2H), 2.77 (m. 2H), 3.14 (m. 2H), 5.08 
(m, 1H).6.61 (d, lH),7.66(dd, IH). 8.15 (d. IH). 
5 MS (ESP+): m/e 257/9 (M+H)*. 

rRVl-r4-pvridvn-3-fp-tQluenesolphonvloxv1pvnT>lidine 




Scale: 1 .0 g, 6. 1 mmol 



Tosyl chloride ( 1 .28g, 1 . 1 equivalents was added to a suspension of the alcohol and 

triethylamine (0.92g, l.l equivalents) in dichloromethane (lOmI). A solution gradually 
1 5 formed. After stirring overnight, the solution was washed with saturated aqueous sodium 

bicarbonate solution, dried over sodium sulphate, filtered and evaporated. The residue was 

purified by column chromatography, eluting sequentially with CH2CI2; 

5%MeOH/CH2Cl2:10%MeOH/l%NH<OH/CH2Cl2 giving a light brown solid. 

Yield = 1.14 g (58%) 
20 R, = 0.32 (10%MeOH/l%NHjOH/CH2Cl2) 

'H-NMR (300 MHz. CDCI3): d = 2.20 (m. IH), 2.33 (m, IH). 2.45 (s, 3H). 3.45 (m. 4H), 5.21 

(m. IH). 6.32 (d, 2H), 7.38 (d. 2H), 7.79 (d, 2H), 8.20 (d, 2H). 

MS (ESP+): m/e 3 1 9 (M+H)*. 

The (S) enantiomer was made by an identical protocol starting from the (S) alcohol. 

25 

Example 64 

l.f4.pvridvlV4-C5-methvl-2-pvridvioxv^piperidine 



7a. 
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Scale: 500mg, 2.8mmol 



Method B, using l-(4-pyridyl)-4-hydroxyp:peridine and 2-bromo-5-methylpyridine. The 
5 crude product was purified by column chromatography on silica, eluting with CUjCli, then 
EtzO. then 

10%MeOH/l%NH4OH/CH2Clj. The product was isolated as an orange solid. 

Yield = 349mg (46%) 

Rr- 0.58 (10%MeOH/l%NH4OH/CH2Cl2) 
10 'H-NMR (200MHz, CDCI3): 5 = 1.83 (m, 2H), 2.06 (m, 2H), 2.22 (s, 3H), 3.3 (m, 2H), 3.65 
(m, 2H), 5.25 (m, IH), 6.65 (m, 3H). 7.38 (dd, IH), 7.92 (m, IH), 8.25 (dd. 2H). 
MS (CI): m/e 270 (M+H)*. 

Found: C,70.9; H,7.1; N,15.3; C.jH.jNjO requires: C71.3; H,7.1 1; N,15.6%. 



1 5 The 1 -(4.r>vridvn^hvdmyvpip..rirfi,TA was prepared as follows: 



Scale: 26.9g, 0.266mol 

20 

Method A. using 4-hydroxypiperidine. Work-up: the pH was adjusted to 14 with aq. NaOH^ 
The solid product was filtered, taken up with H^O & pH adjusted to 8.5. The solid product 
was filtered, dissolved in MeOH & preadsorbed onto silica. Column chromatography, eluting 
witli lOVoMeOH/CHjCK and increasing to 20%MeOH/5%*PrNHj/CH2Clj gave the product as 
25 a sticky solid. 
Yield 22.25g (47%). 

Rr= 0.25 (20%MeOH/l%NH4OH/CHjCI;) 
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'H-NMR (DMSO-d,): 5 = 1.4 (m. 2H). 1.6 (m, 2H), 3.05 (m, 2H), 3.5 (m, 3H), 6.6 (m, 2H). 
8.1 (m, 2H). 

MS (ESP+): m/e 179.5 (M+H)'. 

5 Example 65 

l-f4-Dvridvl)-4-(5-cvano-2>Dvridvloxv>piperidine 



10 Scale: 500mg, 2.8mmol 

Method B, using l-(4-pyridyl)-4-hydroxypipcridine and 2-chloro-5-cyanopyridine, The crude 
product was dissolved in CH2Cl2^ adsorbed onto silica and purified by column 
chromatography, elating with lOyoMeOH/iyoNHaOH/CH.Cl.. The residue was further 

15 purified by column chromatography, eluting with 5%MeOH/l %NH40H/CH2Cl2. The residue 
was suspended in ethyl acetate and a solution of dry HCl in ether added. The hydrochloride 
salt was filtered off and suspended in water. The pH was adjusted to 14 with aq NaOH and 
the product extracted into ethyl acetate/methanol (ca. 10: 1). The organic phase-was washed 
with brine. After evaporation, the product was triturated with ether, giving an orange solid. 

20 Yield = 48mg (6%) 

Rf = 0.58 (10%MeOH/l%NH4OH/CH2Cl2) 

'H-NMR {200MHz, CDCI3): 5 = 1 .9 (m. 2H), 2.12 (m. 2H), 3.3 (m, 2H), 3.7 (m, 2H). 5.38 
(m, IH), 6.7 (m, 6.8 (d, IH), 7.8 (dd, IH), 8.3 (m, 2H). 8.48 (m, IH). 
MS(ESP+): m/e 281 (M+H)^ 

25 

Example 66 

l-f4-'Dvridvn-4-r5-chloro>2-nvridvloxv>pipending 




CN 
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CI 

Scale: 500mg, 2.8mmol 



Method B, using l-{4-pyridyI)-4-hydroxypiperidine and 2,5-dichloropyridine. The reaction 
5 mixture was partitioned between aq. HCl and CH^Clv The aqueous phase was adjusted to pH 
14 with aq. NaOH and extracted with CHjCI^. The organic phase was washed with brine, 
dried over anhydrous Na^SO, and evaporated. The residue was purified by column 
chromatography on silica eluting with CHjClj. then EtjO. then 5%MeOH/l%NH40H/CH2Cl, 
to give the product as a white solid. 
10 Yield = 303mg (38%) 

Rf = 0.5 (10%MeOH/l%NH4OH/CH,Cl2) 

'H-NMR (200MHz, CDCI3): 5 = 1.9 (m. 2H), 2.1 (m. 2H). 3.3 (m. 2H), 3.68 (m. 2H), 5.25 
(m, IH), 6.7 (m, 3H), 7.53 (dd, IH), 8.07 (m, IH). 8.28 (m, 2H). 
MS (CI): m/e 290 (M+H)*. 

15 

Example (H 

l-(2.6-dimftthvl-4-r>vriHvl^-4.<'S-triq,|f^r ornethvl.9.pvr;flvlnxv'>pipt'riHiny 
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Method A. using 2.6-dimethyI-4-chloropyridine (see T. Kato. H. Hayashi & T. Anzai; Chem. 
Pharm. Bull.; 1 5, / 967, 1 343- 1 348) and 4-(5-trifluoromethyl-2-pyridyloxy)piperidine in a 
water/n-propanol (1:10) solvent mixture. The solvents were evaporated and the residue 
purified by column chromatography on silica, eluting with CHjCU, then 
5 5%MeOH/l%NH40H/CH,Clj. then 10%MeOH/l%NH4OH/CH,CIj, giving the product as a 
yellow glass. 
Yield = 171mg(40%) 
Rf = 0.36 (10%MeOH/l%NH4OH/CH2Cl2) 

'H-NMR (200MHz. CDCl,): 6 = 2.0 (m. 2H), 2. 1 (m. 2H). 2.6 (s, 6H), 3.6 (m. 2H). 3.8 (m, 
10 2H), 5.48 (m. IH). 6.46 (s. 2H). 6.84 (d. IH). 7.8 (dd, IH). 8.07 (ni, IH), 8.42 (m. IH). 
MS(ESP+): m/e 352 (M+H)\ 

The precursor 4-(5-irifluQromethvl-2-nvridvlnxvYippririin<. was made in three steps from 4- 
hydroxypiperidine as follows: 



1) 1 -( t-butQXVcarbonvh-4-h vdroxvpi perirfint; 



bocn;^^~^oh 

20 

Scale: 44.l4g. 0.44mol 



4-Hydroxypiperidine (44. 14g, 0.44mol) was suspended in CHjCl; (1 50ml) and colled in an 
ice-bath. A solution of di-t-butyl dicarbonate (lOOg. 0.46mol) in CH^CI, (1 10ml) was added 
25 slowly. After stirring overnight the product was partitioned between water and CHiCIj. The 
organic layer was washed with brine and dried over anhydrous magnesium sulphate. 
Filtration and evaporation gave the product as a white solid. 
Yield 95g (quantitative, crude). 
R, = 0.18 (20% EtO.Ac/CHjClz) 

30 ' H-NMR (200MHz. CDCIj): 5 = 1 .45 (s, 9H), 1.43 (m, 2H). 1 .85 (m, 2H). 3.04 (m. 2H), 4.85 
(m. IH). 



wo 97/28128 

MS (CI+):m/e201 (M+H)*. 
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2) )-ft-b»tO?<VcarbQnvn-4-fS-trifluornmffthvl.^ . pvriHvlnYv) p jp Prirjini' 



5 



BOON 




Scale: 4.99g, 24.9mmol 

Method B, using l-(t-butyloxycarbonyl)-4-hydroxypiperidine and 2-bromo-5. 
10 trifluoromethylpyridine. The crude product was partially purified by column chromatography 
on silica, eluting with EtOAc/hexane (0% to 25% in increments of 5%). 

Rf = 0.42 (20%EtOAc/hexane) 

15 'H-NMR (200MH2, CDCI,): 6 = 1.48 (s, 9H). 1.75 (m, 2H), 2.0 (m. 2H), 3.3 (m, 2H). 3.78 
(m, 2H), 5.3 (m, IH). 6.78 (d, IH), 7.77 (dd. IH), 8.4 (s, IH). 

MS CESP+): ra/e 347 (M+H)*. 

20 3) 4-r5-trifliioromethvl-2.p vridvlf>vvY'P''ri f1inff 
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Method C. The solvents were evaporated and the residue partitioned between CHXIj and aq. 
K2CO3. The organic phase was dried over anhydrous Na,SO, and evaporated to give an 
orange gum. After trituration with Et.O the product was isolated as an off-white solid. 
Yield = 3.58g (55%) 
5 Rr = 0.19 (lOyoMeOH/I'/oNH^OH/CHzCy 

'H-NMR (250MHz, CDCl,): 6 = 1.7 (m, 2H), 2.1 (m, 2H), 2.85 (m. 2H), 3.15 (m, 2H). 5.25 
(m, IH). 6.75 (d, IH), 7.75 (dd. IH), 8.4 (d, IH). 
MS (ESP+): m/e 247 (M+H)*. 



10 Example 

l-(2-methvl-4-nvridvn.VrS.triflnnmm>.|tl v l-2-nvriHvlnvy')pvrrnlirfinP 



15 Scale: 500mg, 2.16mniol 



Method A, using 2-methyl-4-chIoropyridine (see T. Kate, H. Hayashi & T. Anzai; Chem. 
Pharm.BulL: 15,1967, I343-1348)and 3-(5-trifluoromethyl.2-pyridyloxy)pyrrolidine. The 
solvents were evaporated and the residue was purified by column chromatography on silica. 
20 elating with Et,0. then EtOAc. then 5%MeOH/l%NH40H/CH2Cl2, then 
10%MeOH/l %NH40H/CH2Clj, giving the product as a white foam. 
Yield= I75mg(25%) 
Rf = 0.35 (lC%MeOH/l%NH40H/CH2Cl2) 

'H-NMR (200MHz. CDCI3): 6 = 2.45 (m, 2H), 2.65 (s, 3H), 3.68 (m. 3H). 3.75 (dd. IH). 5.83 
25 (m, lH).6.35(m. IH).6.47(dd, lH),6.84(d. lH).7.82(dd, lH),8.07(d. lH).8.45(m, IH). 
MS (ESP+): m/e 324 (M+H)*. 



The precursor 3-f5-trinuoromethvl-^.pvriHv| n xv'>nvrrnliHine was made in three steps from 3- 
hydroxypyrrolidine as follows: 

30 

1% 
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I) 1 -I t-hutoxvcarhnnvl^--,-hvH roxvpvn-nliHinP 



PCT/GB97/0O282 



Scale: 5.0g, 57.0mmol 

5 

A solution of 3-hydroxypyrrolidine (5.0g, ST.Ommol) in CH,CI, (125ml) was added to an ice- 
cold solution of di-t-butyl dicarbonate (13.15g. 60mniol) in CH.CU (125ml), After stirring 
overnight the solvents were evaporated and the residue purified by column chromatography 
on silica, eluting with CH,C1,. then EtjO. then EtOAc. giving the product as a white solid. 
10 Yield 10.4g(98%). 
R, = 0.23 (£1,0) 

•H-NMR (250MHz, CDCI3): 8 = 1.42 (s. 9H). 2.0 (m, 3H). 3.4 (m, 3H), 4.4 (m. 1 H). 
MS (CI-):m/e 188 (M+H)*. 

'5 2) l-rt-bHtOXVcarhonvn-l-(S-trifluommr>thvl-9. p vridvlftyvYvrrnlj^ in ^ 




Scale: 4.99g, 24.9mmol 



20 Method B. using I-(t-buto.xycarbonyI)-3-hydroxypyrTolidine and 2-bromo-5. 

trifluoromethylpyridine. The crude product was partially purified by column chromatography 
on silica, eluting with 1 0'/oMeOH/CH^CI,. Further purification by column chromatography 
on silica, eluting with 1 0'/oEtiO/CHjClj, gave the product as an oily solid. 
Yield 7.44g (83%). 

25 R, = 0.81 (10% Et.O/CH^CK) 

'H-NMR (200MHz. CDCI3): 5 = 1.48 (s. 9H), 2.2 (m. 2H). 3.6 (m. 4H). 5.6 (m. 1 H). 6.6 (d. 
IH). 7.77 (dd. IH). 8.42 (s. IH). 
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MS (ESP+): mJe 333 (M+H)'. 



3) 



3-f5-trifluoromethyl-2-pvridvlnxv> pviTolidme 




HN 



5 



Method C. The solvents were evaporated and the residue partitioned between EtjOand aq. 



HCl. The aqueous layer based basified with K2CO3 and extracted with CHjClj . The organic 
10 phase was dried over anhydrous Na2S04 and evaporated to give an orange gum. 
Yield = 3.3g (64%) 

Rf = 0.83 (ICyoMeOH/P/oNH^OH/CHjCli) 

'H-NMR (200MHz, CDCI3): 6 = 1.95 (m, IH), 2.15 (m, IH), 2.95 (m, IH), 3.16 (m. 3H), 5.53 
(m, IH). 6.78 (d, IH). 7.74 (dd, IH), 8.42 (m, IH). 
15 MS (ESP+): m/c 233 (M+H)^ 

Example f?9 

l-(2-methvl-4-pvridvn-4-<'5-trinuoromethvl-2 -pvridvloxy>piperidine 



20 




Scale; 300mg, I.22nimol 



Method A. using 2-methyl-4-chloropyridine and 4-(5-trilluoromethyl-2- 
pyridylo.xy)pipcridine. The solvents were evaporated and the residue was purified by column 

«0 
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chromatography on silica, eluting with Et20, then EtOAc. then 

5%MeOH/l%NH40H/CH2Cl2, then 10%MeOH/l%NH4OH/CH,Cl2, giving the product as a 



Yield = 76mg (18%) 
5 Rr= 0.54 (10%MeOH/l%NH4OH/CH2Cl2) 
'H-NMR (200MHz, CDCI3): 6 = 2.0 (m, 2H), 2.15 (m. 2H). 2.6 (s, 3H), 3.6 (m, 2H), 3.8 (m, 
2H), 5.48 (m, IH), 6.6 (m, IH), 6.72 (dd, IH). 6.82 (d, IH), 7.8 (dd. IH), 8.25 (d, IH). 8.43 
(m. IH). 

MS(ESP+): m/e 338 (M+H)*. 

0 

Example 70 

l-(4-pvrid vlV4-r5-bromo-2-pvridvloxvlpiperidine 



15 Scale: 360mg, 1.4ininol 

Method A. using 4-(5-bromo-2-pyridyloxy)piperidine. The solvents were evaporated and the 
residue partitioned between CH2Cl2and aq. K2CO3. The organic phase was dried over 
anhydrous Na2S04 and evaporated. The residue was purified by column chromatography on 
20 silica, eluting from l%MeOH/l%NH40H/CH2Cl2 to 10%MeOH/r/oNH4OH/CH2Cl2 (in 1% 
increments), giving the product as a white solid. 

Yield = 285mg (61%) 
R, = 0.61 (20%MeOH/l%NH4OH/CH,CU) 
25 'H-NMR (200MHz. CDCI3): 5 = 1.85 (m, 2H). 2.08 (m, 2H), 3.32 (m, 2H). 3.65 (m, 2H). 5.25 
(m. IH). 6.65 (m. 3H), 7.65 (dd. IH). 8.17 (d, IH). 8.25 (m, 2H). 

MS(CI+): m/e334(M+H)*. 



yellow oil. 




Br 
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Found: C,53.0; HA7; N.12.2; C,5H,6BrN3O.(0.25H2O) requires: C53.1; H,5.06: N.I2.4%. 



The precursor 4-(5-bromo-2-pyridyloxy)piperidine was prepared in two steps from l-(t- 
butoxycarbonyl)-4-hydroxypiperidine as follows: 

5 

1) 1 t-butoxvcarbonvh-4->(^ S-bromn-2-pv ridvlovv^pipfiriHinP 



BOCN 




Br 

Scale: 0.79g, 3.93mmoI 

10 

Method: under argon, l-(l-buiyIoxycarbonyl)-4-hydroxypiperidine (0.79 g, 3.93 mmol), 5- 
bromo-2-pyridQne (0.49 g, 3.02 mmol) and triphenylphosphine (1.14 g, 4.35 mmol) were 
dissolved in THF (20 ml). To the mixture was added diisopropylazodicarboxylate (0.91 ml, 
4.62 mmol) dropwise at ambient temperature followed by stirring for 1 8 hours. The mixture 
15 was concentrated m vacuo and applied to the top of a silica column. Elution with solvent of 
increasing concentration of EtOAc in CH2CI2 and evaporation in vacuo of the relevant 
fractions gave the product. 

Yield - 640mg (61%) 
20 Rf=0,63 (ElOAc) 

'H-NMR (2OOMH2, CDCI3): 5 = 1.46 (s, 9H). 1.7 (m, 2H), 1.92 (m, 2H), 3,25 (m. 2H), 3.75 
(m, 2H),5.I5(m, 1H),6.61 (d, IH), 7.61 (dd, lH),8.13(d, IH). 
MS (ESP+): m/c 357/9 (M+H)\ 

25 2) 4-f5-bromQ-2-pvridvloxv)piperidine 
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HN 




Br 



Scale: 4.99g, 24.9mmol 

Method C. The solvents were evaporated and the residue partitioned between Et^Oand aq. 
5 HCl. The aqueous layer based basified with K1CO3 and extracted with CH2CI2 . The organic 
phase was dried over anhydrous Na2S04 and evaporated to give an orange gum. 
Yield = 380mg (90%) 
R, = 0.43 (20%MeOH/l%NH4OH/CH2Cl2) 

*H-NMR (250MHz, CDCI3): 5 = 1.7 (m, 2H), 2.05 (m, 2H), 2.77 (m, 2H). 3.14 (m, 2H). 5.08 
10 (m, IH), 6.61 (d, IH), 7.66 (dd, IH), 8.15 (d, IH). 
MS (ESP+): m/e 257/9 (M+H)'. 

Example 71 

|,r4-pvridvn-4>r5>trifluorQmethvl>-2-pvridvloxv^piperidine 



Scale: 714mg, 4nimoI 

Method B. using l-(4-pyridyl)-4-hydroxypiperidine and 2-bronio-5-trifluoromethylpyridine. 
The solvents were evaporated and the residue was purified by column chromatography on 
20 silica, eluting from r/oMeOH/P/oiPrNH./CH.Cl: to SVoMeOH/SroiPrNH./CH.CU (in 1% 
increments). A second column, eluting with 1 %MeOH/l%NH40H/CH2Cl2 to 
10%MeOH/l%NH4OH/CH2Cl2 (in 1% increments), gave a dark oil, which was extracted with 
Et20/hexane. Evaporation and washing with hexane gave the product as a light brown solid. 
Yield = 674mg (52%) 



15 
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Rf = 0.52 (IO%MeOH/l%NH40H/CH2Cl2) 

'H-NMR (200MHz. CDCI3): 5 = 1 .9 {m, 2H), 2.1 (m. 2H), 3.32 (m. 2H). 3.68 (m, 2H), 5.38 
(m, IH), 6.70 (d, 2H), 6.62 (d, 2H), 7.77 (dd, IH), 8.27 (d, 2H). 8.44 (s. IH). 
MS(ESP+): m/e 324 (M+H)*. 
5 Found: C.57.7; H.5.I; N.12.4; C.fiHifiFjNjO.CO.SH.O) requires: C57.8; H,5.15; N.12.64%. 

Rxample 72 

]-f4-pvrid ylV4-f5-nitro-2-pvridvloxv^piperidine 



10 




Scale: 433mg, 2.43tnmol 



Method B, using l-(4-pyridyl)-4-hydroxypiperidine and 2-bromo-5-nitropyridine. The 
solvents were evaporated and the residue was columned on silica, eluting from 
15 l%MeOH/l%NHjOH/CH,Cl2to 10%MeOH/l%NH4OH/CHXU (in I % increments), giving 
a brown solid. After recrystallisation from methyl t-butyl ether, the product was isolated as an 
orange solid. 
Yield = 70mg(10%) 

Rr= 0.39 (10%MeOH/l%NH,OH/CH2Cl2) 
20 'H-NMR (200MHz. CDCI3): 6 = 1.9 (m, 2H). 2.15 (m, 2H), 3.33 (m. 2H). 3.68 (m, 2H), 5.45 
(m, IH). 6.70 (dd. 2H). 6.82 (d. IH). 8.28 (dd. 2H), 8.35 (dd. IH), 9.06 (d, IH). 
MS(ESP+): m/eSOl (M+H)". 

Example 73 

25 l-/4-pvridvl1-3-r5-hrnmo-2-pvridvloxvlpvrrolidine 
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PCT/GB97/00282 



N 




Scale: 492mg, 3mmol 

5 Method B. using 1 -(4-pyridyl)-3-hydroxypyrrolidine and 2,5-dibromopyridine. The crude 
residue was recrystallised from metliyl t-butyl ether. 

Yield = 620mg (65%) 
Rr= 0.41 (10%MeOH/l%NH4OH/CH2Cl2) 
10 'H-NMR (300MHz. CDCI3): 5 = 2.35 (m, 2H), 3.5 (m, 3H). 3.72 (dd, IH), 5.65 (m, IH), 6.38 
(m. 2H). 6.62 (d. IH), 7.64 (dd. IH), 8.2 (m. 3H). 
MS (ESP-): m/e 320/2 (M■t•H)^ 

Found: C.52.9; H,4.6; N,12.8; C,4HuBrN30 requires: C52.5; H,4.41; N,13.1%. 
15 The precursor 1 -( 4-pyridvl1-3-hvdroxypyrrolidine was prepared as follows: 



20 

Scale: 5g. 57.4mmol 

Method A. Work-up: the reaction mixture was cooled in an ice bath for 1 hour. The resultant 
w hite solid was filtered off and washed with ice water (30 ml) and dried overnight in vacuo in 
25 the presence of silica gel. The product was given as fine white powder. 
Yield 5.78g (61%). 




85 
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R, = 0.1 (10%MeOH/l%NH4OH/CH2Cl2) 

'H-NMR (200MHz, DMSO-dfi): 5 = 2.0 (m. 2H), 3.22 (m. IH). 3.7 (m, 3H), 4.4 (m. IH), 5.0 
(s, OH), 6.32 (m, 2H), 8.15 (m, 2H). 
MS (ESP+): m/e 165 (M+H)*. 

Example 74 

|.r4-pvridvlV3-r5-trifluoroinethvl-2-pvridvlox\OpviTolidine 



10 

Scale: 648mg, 3.95mmol 

Method B. using l-(4-pyridyl)-3-hydroxypyrrolidine and 2-bromo-5-trifluoromethyIpyridine. 
The crude residue was recrystallised from methyl t-butyi ether. 
15 Yield = 710mg (58%) 

R, = 0.28 (lO'/oMeOH/l'/oNHaOH/CHjCy 

'H-NMR (300MHz, CDCI3): 8 = 2.38 (m, 2H), 3.55 (m. 3H), 3.75 (dd, IH), 5.78 (m. IH), 6.4 
(d, 2H), 6.8 (d, IH), 7.8 (dd, IH), 8.22 (d, 2H). 8.45 (m, IH). 
MS (ESP+): m.'e 310 (M+H)*. 
20 Found: C.58.5; H,4.7; N.13.3; C,jH,4F,N30 requires: C58.3; H,4.56; RI3.6%. 

Exampk 75 

|.r4-pvridvlV3-f5-n itrQ-2-pvridvloxv^pyrrQ!idine 





Scale: 500mg. 3.05mmol 
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Method D, using l-(4-pyridyl)-3-hydroxypyrrolidine and 2-bromo-5-nitropyridine. The 
residue was purified by chromatography on silica, elating from l%MeOH/l%NH40H/CH2Cl2 
to IO%MeOH/l%NH40H/CH2Cl2 (in 1% increments). The crude product was recrystallised 
from EtOAc to give a pale brown solid. 
5 Yield = 460mg (53%) 
Rf = 0.4 1 ( 1 0%MeOH/l %NH«OH/CH2Cl2) 

'H-NMR (300MHz, CDCI3): 5 = 2.4 (m, 2H), 3.58 (m. 3H), 3.8 (dd, IH), 5.85 (m, IH), 6.4 
(d. 2H), 6.82 (d, IH). 8.22 (m, 2H). 8.38 (dd, IH), 9.08 (s, IH). 
MS (ESP+): m/e 287 (M+H)*. 

0 

Example 76 

l-r4-pvrid vlVl-f5-chloro-2-pvridvloxv1pvrrolidine 



15 

Scale: 500mg, 3.05mmol 

Method B, using l-(4-pyridyl)-3-hydroxypyrrolidine and 2,5-dichloropyridine. The crude 
residue was recrystallised from methyl t-butyl ether. 
20 Yield = 570mg (68%) 

Rf = 0.50 (l0%MeOH/l%NH4OH/CH2Cl2) 

'H-NMR (300MHz. CDCI3): S = 2.35 (m, 2H), 3.5 (m. 3H). 3.7 (dd, IH), 5.65 (m. IH). 6.38 
(m. 2H), 6.65 (d, IH). 7.55 (dd, IH), 8.1 (m. IH). 8.2 (m, 2H). 
MS{ESP+): m/e 276 (M+H)*. 

25 

F.yample 77 

nRVl-f4.pvridvn.3-f5-nitro-2-pvridvlo\v^pvrrolidine 




8^ 
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NO2 



N 



Scale: 500mg, 3.05minol 

5 Method D, using (R)-l-(4-pyridyl)-3-hydroxypyrrolidine and 2-bromoO'nitropyridine, with 
Ihr reaction time. The crude product was recrystallised from EtOAc/hexane. 
Yield = 480mg (55%) 
Rf- 0.41 (10%MeOH/l%NH4OH/CH2CU) 

'H-NMR (300MHz, CDCI3): 5 = 2.4 (m, 2H). 3.58 (m, 3H), 3.8 (dd, IH), 5.85 (m, IH), 6.4 
10 (d, 2H), 6.82 (d. IHX 8.22 (m.2H), 8.38 (dd, lH).9.08(s, IH). 
MS (ESP+): m/e 287 (M+H)'. 

The precursor (R)-l-(4-pyridy[)-3-hydroxypyrrolidine was prepared in analogous manner to 
the racemic material. The NMR spectrum, mass spectrum and R,- were as for the racemate, 
15 and the R enantiomer gave an optical rotation (a^) of -22.5 (c=10mg/ml. McOH). 

Example 78 

nRVl-r4-pvridvh-3>r5-bromQ-2^ pvridvlQxv^pvrrQlidine 



Scale: 500mg. 3.05mmol 

Method B, using (R)-l-(4-pyridyl)-3-hydroxypyrrolidine and 2,5-dibromopyridine. The crude 
25 product was recrystallised from EtOAc/hexane. 
Yield = 550mg (57%) 
R, = 0.41 (10%MeOH/l%NH4OH/CH,CK) 
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'H-NMR (300MHz, CDCI3): 5 = 2.35 (m, 2H). 3.5 (m, 3H), 3.72 (dd, IH). 5.65 (m, IH), 6.38 
(m, 2H), 6.62 (d, IH). 7.64 (dd, IH), 8.2 (m, 3H). 
MS (ESP+): m/e 320/2 (M+H)'. 

Found: C.52.9; H,4.5; N,13.1; C|4H,4BrN30 requires: C52.5; H.4.41; N.13.1%. 
F.xample 79 

HR VI -r4-pv ridvl V^-C 5-trifluoromethvf-2-pvridvloxv^pyrrolidine 



10 

Scale: SOOmg, 3.05mmol 

Method B, using (R)-l-(4-pyridyl)-3-hydrcxypyrrolidine and 2-bromo-5- 
trifluoromethylpyridine. The crude product was recrystailised from EtOAc/hexane. 
15 Yield = 230mg (24%) 

Rr= 0.39 (lOyoMeOH/P/oNH^OH/CHiCl,) 

'H-NMR (300MHz, CDCI3): 5 = 2.38 (m, 2H). 3.55 (m, 3H), 3.75 (dd, IH), 5.78 (m, IH), 6.4 
(d. 2H), 6.8 (d, IH), 7.8 (dd, IH), 8.22 (d, 2H), 8.45 (m, IH). 
MS(ESP^): m/e310(M+H)*. 
20 Found: C.58.6; H,4.8: N.13.4; CijHmFjNjO requires: C58.3; H,4.56: N,13.6%. 

Example 80 

r3S'>-l-M-pvridvn-3-fS-trifluoro methvl-2-pvridvloxy;ipyrrolidine 





Scale: 500ing. 3.05mmol 
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Method B. using (S)-l-(4-pyridyl)-3-hydroxypyrrolidine and 2-bromo-5- 
trifluoromethylpyridine. The crude product was recrystailised from EtOAc./hexane. 
Yield = 300mg (32%) 
Rf = 0.39 (]0%MeOH/l%NH«OH/CH2Cl2) 
5 'H-NMR (200MHz, CDCl,): 5 = 2.38 (m, 2H), 3.53 (m, 3H). 3.76 (dd, IH), 5.78 (m. IH). 6.4 
(d. 2H). 6.8 (d, IH), 7.8 (dd, IH), 8.2 (d, 2H), 8.45 (m, IH). 
MS (ESP+): m/e 310 (M+H)*. 

Found: C,57.7; H.4.6; N.13.2; C,5H,4FjN3O.(0.16H,O) requires: C57.7: H.4.62; NM3.46%. 

10 The precursor (S).l-(4-Pyridyl)-3-hydroxypyrrolidine was made by the method used for 
racemic material. The NMR spectrum, mass spectrum and Rf were as for the racemate. and 
the S enamiomer gave an optical rotation (a^) of +22.7 (c=I Omg/ml. MeOH). The starting 
(S)-3-hydroxypyrrolidine was made from (S)-l-benzyl-3-hydroxypyrrolidine (Fluorochem) by 
hydrogenolysis of the benzyl group (M.M. Bowers Nemia. J. Lee and M.M. Joullie; Synth. 

15 Comm., 1983, 13, 117-1123) 



Example 81 

r3S1- i -('4-nvridvlW>.f S-hrQmo-2-pvri dvlnxv'tpvrrnliHin.' 




Scale: 500mg, 3.05mmol 



Method B. using (S)-l-(4-pyridyl)-3-hydroxypyrrolidine and 2,5-dibromopyridine. The crude 
25 product was recrystailised from EtOAc/hexane. 
Yield = 476mg (49%) 
R, = 0.4 1 ( 1 0%MeOH/ 1 "/oNH^OH/CH^CIi) 

'H-NMR (300MHz, CDClj): 6 = 2.35 (m, 2H). 3.5 (m, 3H), 3.72 (dd, 1 H). 5.65 (m. 1 H). 6.38 
(m. 2H), 6.62 (d. IH), 7.64 (dd. IH). 8.2 (m. 3H). 
30 MSfESP+): m/e 320/2 (.M+H)'. 
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Found: C,52.5; H,4.5; N,I2.9; C,4H,4BrN30 requires: C52.5; H,4.41 ; N,13.I%. 
Exampk 82 

r3SVl-f4-pvridvn-?>(5-nitro-2-pv ridvlQXV^pvrrnlidine 

5 



Scale: SOOmg, 3.05mmol 

10 Method D. using (S)-l-(4-pyridyl)-3-hydroxypynrolidine and 2-bromo-5-niiropyridine, with 

Ihr reaction time. The crude product was recrystallised from methyl t-butyl ether, giving a 

pale yellow powder, 

Yield= 150mg(17%) 

Rf=0.41 (10%MeOH/l%NH4OH/CH2Cl2) 
15 'H-NMR (200MHz, CDCI3): 5 - 2.4 (m, 2H), 3.55 (m. 3H), 3.8 (dd, IH), 5.85 (m. IH), 6,42 

(m, 2H). 6.82 (d, IH). 8.22 (m, 2H), 8.38 (dd, IH), 9.08 (d, IH). 

MS (ESP-^): m/e 287 (M+H)'. 

Exampjg 83 

20 l-r4-pvridvn-3-r5-methv Qxvcarbonvl-2-pvridvloxv^pvrrolidine 



Scale: 2.08. l2.2mmol 

25 

Method D, using 1-(4-pyridyl)-3-hydroxypyrrolidine and methyl 6-chloronicotinate. The 
crude product was recrystallised from aqueous ethanol. 
Yield = 2.43g (67%) 
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Rf= 0.31 (lO'/oMeOH/P/oNH^OH/CHjClj) 

'H-NMR (200MHz, CDCI,); 6 = 2.38 (m, 2H), 3.53 (m, 3H). 3.75 (dd. IH), 3.92 (s, 3H), 5.81 
(m, IH), 6.4 (d, 2H). 6.72 (d, IH). 8.16 (m, 3H). 8.82 (m, IH). 
MS(ESP+): m/e300(M+Hr. 
5 Found: C.60.7; H,5.6; N,13.0; C.iHnNjOj.CH^O) requires: C60.5; H.6.0; N.13.2%. 

Exnmpleftl 

l.f4.pvridvlV3-f4-bromophenvlox v)pvrrolidine 



Scale: 2.44mmol 

1 5 Method E, using l-(4-pyridyl)-3-hydroxypyn-olidine and 4-bromophenol. The product was 
further purified by recrystallisation from MTBE. giving a white solid. 
Yield - 187mg (24%) 
R, = 0.49 (10%MeOH/l%NH4OH/CH2Cl2) 

'H-NMR (200MHz. CDCIj): d = 2.3 (m. 2H), 3.5 (m, 3H), 3.65 (m. IH). 5.05 (m, IH), 6.4 
20 (dd, 2H). 6.78 (dd, 2H), 7.42 (dd, 2H). 8.25 (dd. 2H). 
MS (CI): m/'e319(M+H)*. 

Found: C.56.5; H,4.7: N,8.7; C15H15BrN20 requires: C56.4; H,4.74; N,8.78%. 
25 1 -( 4-pvridvn-3-( 4-trinuoromethvlphe nvlQXv^pvrrolidine 



10 
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Scale: 2.44mmol 

Method E, using l-(4-pyridyl)-3-hydroxypyrrolidine and 4-trifluoromethyIphenol. The 
5 product was further purified by trituration with hexane. giving a white solid. 
Yield = 278mg (37%) 
Rf = 0.44 (10%MeOH/I%NH4OH/CH2Ci2) 

'H-NMR (200MHz, CDCl,): d = 2.35 (m, 2H), 3.55 (m, 3H). 3.72 (dd, IH), 5.14 (ra, IH). 6.4 
(dd. 2H), 6.96 (dd, 2H), 7.60 (dd, 2H), 8.25 (dd, 2H). 
10 MS (CI): rn/e 309 (M+H)*. 

Found: C62.0; H.5.0; N,9.1: CisHijFjNiO requires: C62.3; H,4.90; N.9.09%. 

l -(4-Pvridvn-"-f4-rtrifluoromethvlthio^phenyloxv^pvrrnliHinp 

15 



Scale: 2.44nimol 

20 

Method E. using l-(4-pyridyi)-3-hydroxypyrrolidine and 4-(trifluoromethylthio)phenol. The 
product was further purified by trituration with diethyl ether, giving a white solid. 
Yield = 50mg (6%) 

Rf = 0.42 (10%MeOH/l%NH4OH/CH2Cl2) 
25 'H-NMR (200MHz. CDClj): d = 2.48 (m, 2H). 3.77 (m, 3H). 3.92 (dd, IH). 5.22 (m, IH). 
6.68 (d. 2H). 6.92 (d. 2H). 7.61 (d, 2H). 8.16 (d. 2H). 
MS (CI):m/e341 (M+H)*. 

Example 87 

30 l-f4-pvndv|')-.'-f4-Cmethvlthiolphenvl nxv^pvrr9 |i^jn^ 
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o 




SMe 



5 Scale: 3.21mmol 

Method E. using l-(4-pyridyl)-3-hydroxypyrTolidine and 4-(methylthio)phcnol. The product 
was further purified by recrystallisation from MTBE giving a white powder. 
Yield = 183mg(37%) 
10 R, = 0.32 ( 1 0%MeOH/l %NH40H/CH2C!2) 

'H-NMR (300MHz. CDCI3): d = 2.25 (m.lH), 2.36 (m, IH). 2.44 (s. 3H). 3.52 (m, 3H), 3.64 
(dd, IH). 5.04 (m. IH), 6.4 (d, 2H), 6.82 (d. 2H), 7.24 (d, 2H). 8.22 (d, 2H). 
MS (CI): m/e 287 (M+H)*. 

Found: C,67.3; H.6.4: N.9.7: C,6H„N,0S requires: C67.1; H.6.34; N.9.78%. 

15 

Example 8« 

l-(4-PvridvlV3-f4-fTrifluorometh vloxv')phenvloxvVvrrnlidinp 



Scale: 2.44mmol 

Method E, using l-(4-pyridyl)-3-hydroxypyrrolidine and 4-(trinuoromcthylo.>cy)phenol. The 
25 product was further purified by trituration with hexane, giving a white powder. 
Yield = 325nig (41%) 
R, = 0.32 (IC/oMeOH/l'/oNHjOH/CHjCiz) 

'H-NMR (300MH2. CDCI3); d = 2.28 (m,IH). 2.38 (m. IH), 3.52 (ni, 3H). 3.64 (dd. IH). 5.04 
( m. 1 H ). 6.4 (d. 2H). 6.85 (d. 2H). 7. 1 8 (d. 2H). 8.22 (d, 2H). 
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MS (CI): m/e 325 (M+H)*. 

Found: C,59.1; H,4.8; N,8.9; C.^H.sFjN.O requires: C59.3; H.4.66; N.8.64%. 



Example 89 
5 l-r4-nvridvn-3-(4.chlnrr.phenvlnxvYvrr»liiinf 



10 Scale: 2.44mmol 

Method E. using l-(4-pyridyl)-3-hydroxypynx)lidine and 4-chlorophenoi. The product was 
further purified by recrystallisation from MTBE. giving a white solid. 
Yield = 302mg (45%) 
1 5 Rf = 0.33 (1 OVoMeOH/l %NH40H/CH2Cl2) 

'H-NMR (300MH2. CDCI3): d = 2.25 (m.lH). 2.38 (m. IH), 3.5 (m, 3H), 3.64 (dd. IH), 5.02 
(m, IH). 6.38 (d. 2H), 6.82 (d, 2H), 7.24 (d, 2H), 8.22 (d, 2H). 
MS (CI): m/e 275 (M+H)*. 

Found: C65.4; H,5.6; N.lO.l; C.jH.jClN.O requires: C65.6; H.5.50; N.10.2%. 

20 

E\«fnplf on 

l-r4-nvridvn-3-r4.nitmphqnvlr>xv^pYrr^|,-^in^ 



Scale; I.83mmol 
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Method D. using l-(4.pyridyl)-3-hydroxypyrrolidine and 4-bromonitrobenzene. The product 
was purified by column chromatography, eluting sequentially with CHjCI^; 7% 
MeOH/CH^Cl^; 7%MeOH/I %NH40H/CH2Cl2; lO^/oMeOH/iyoNH^OH/CH.Ci,. giving a 
brown foam. 
5 Yield = 71mg (14%) 
Rf = 0.4 1 ( 1 0%MeOH/ 1 %NH40H/CH2Cl2) 

'H-NMR (300MHz, CDClj): d = 2.4 (m, 2H), 3.6 (m. 3H). 3.78 (dd, IH), 5.0 (m. IH), 6.42 
(d, 2H), 6.98 (d, 2H), 8.22 (d. 4H). 
MS (CI): m/e 285 (M+H)*. 

0 

Example 91 

C3RVl-f4-n\TidvlV;.rv5-dichlnrn.?-pvririvlnvv^ pvrrnliriin g 



Scale: 1.83mmol 

Method B. using (3R)-l-(4-pyridy!)-3-hydroxypyrrolidine and 2.3,5-trichloropyridine. The 
20 product was purified by column chromatography, eluting sequentially with CHjCU; ^"/© 

MeOH/CHjCl^; 7%MeOH/I%NH40H/CH2Cl2; 10%MeOH/l%NH4OH/CH2Cl2, giving a 

brown foam. 

Yield - 494mg (87%) 

Rr= 0.31 (I0%MeOH/l%NH4OH/CH2Cl2) 
25 'H-NMR (300MHz, CDCI3): d = 2.4 (m, 2H), 3.55 (m, 3H), 3.78 (dd. IH), 5.68 (m. 1 H), 6.42 

(d. 2H), 7.63 (d, IH), 8.02 (s, IH), 8.22 (d. 2H). 

MS (CI): m/e 310/31 2/3 1 4 (M+H)*. 

Found: C,52.8: H,4.2; N.13.2; C,4H,3Cl2N3O.(0.4H,O) requires: C52.9: H.4.38; N.13.24%. 
30 Example 91 
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OR)-l-f4-Dvridvn-'i-r'; S-dichlnm-^.pY ridvlnyvYvrrf^l Min" 



:> 

Scale: 1.83mmol 



Method B. using (3R)-1 -(4-pyridyl)-3-hydroxypyrrolidine and 2,3-dichloro-5- 
trifluoromethylpyridine. The product was purified by column chromatography, elating 
10 sequentially with CH,CU; 7% MeOH/CHjCU; yyoMeOH/P/oNHaOH/CHjClz; 

10%MeOH/l%NH4OH/CH,CU. giving a brown gum which was further purified by trituration 

with ether. 

Yield = 69mg (11%) 

R, = 0.36 (I0%MeOH/l%NH4OH/CH2Cl2) 

15 

'H-NMR (300MHz. CDClj): d = 2.55 (m, 2H), 3.8 (m, 3H), 3.96 (dd, I H). 5.86 (m, IH), 6.65 
(d. 2H), 7.9 (s, 1 H). 8. 1 8 (d. 2H). 8.36 (s. 1 H). 
MS (CI): m/e 344/346 (M+H)*. 

20 Example 9:< 

f3R>-!-('4-r>vridvn-3-n-chioro-?. pvririvinx Y )pvrr':? li^iin? 



O N 



25 

Scale: 1.83mmol 



Method B. using (3R)-l-(4-pyridyl)-3-hydroxypyrrolidine and 2.3-dichioropyridine. The 
product was purified by column chromatography, elutino sequentially with CH,CU; 7% 
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MeOH/CHjCl^; y'/oMeOH/iyoNH^OH/CHjClj; lO'/oMeOH/r/oNH.OH/CHjCI,. giving an 
off-white solid whicii was further purified by recrj'stallisation from MTBE. 
Yield = 303mg (60%) 
Rf = 0.47 (I0%MeOH/l "/oNH^OH/CHjClz) 
5 'H-NMR (300MHz. CDClj): d - 2.4 (m, 2H). 3.55 (m. 3H), 3.78 (dd, IH). 5.75 (m, IH). 6.4 
(d. 2H), 6.85 (dd. IH), 7.62 (d, IH), 8.02 (m. IH). 8.2 (d. 2H). 
MS (CI): m/e 276/278 (M+H)*. 

Found: C,61.0; H,5.1; N,15.4; CmHhCINjO requires: C61.0; H.5.12; N.I5.2%. 

10 Example 94 

l-f2-mcthvi-4-^Y^idv^-•?^(^5-nit^o-2-^>vr^dvlnvv^p^Tm^i^^inft 



Scale: 318rag, l.76mmol 

15 

Method A, using 2-raethyl-4-chloropyridine and 3-(5-nitro-2-pyridyIoxy)pyrrolidine (made in 
an analogous manner to 3-(5-trifluoromcthyl-2-pyridyloxy)pyrrolidine above). The solvents 
were evaporated and the residue was purified by column chromatography on silica, eluting 
with EtjO, then EtOAc, then 5%MeOH/I%NH40H/CH2Cl2, then 
20 10%MeOH/l%NH4OH/CH2Cl2, giving the product as a yellow gum which was triturated with 
ether, giving a hygroscopic solid.. 
Yield = 17lmg (49%) 
Rf = 0.28 (S'/oMeOH/r/oNH^OH/CHiCI,) 

'H-NMR (200MH2, CDCIj): d « 2.4 (m. 2H), 2.45 (s. 3H), 3.55 (m, 3H), 3.78 (dd. IH). 5.84 
25 (m. 1H).6.25 (m, 2H). 6.8 (d. IH). 8.12 (d, IH). 8.36 (dd, IH). 9.08 (d. IH). 
MS (ESP+): m/e 301 (M+H)*. 
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l-fS-brQmo-^pvridv[V4-r4-Dvridv!)pip^r^^jp^ 
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N 




A mixture of l-(4-pyridyl)pipera2ine (3.26 g. 20mmol) and 2,5-dibroniopyridine (2.36 g) was 
heated gradually on an oil bath up to 200°C. At approximately 1 50»C a clear, slightly 

10 coloured melt was obtained and at approximately 180°C a vigorous reaction set in which 
caused the melt to darken markedly. The now-dark melt was heated at 200''C for 1 0 minutes 
then allowed to cool to room temperature. The solid reaction mixture was dissolved in 
methanol (100 mL) and poured into water (100 - 150 mL). The resultant precipitate was 
collected, washed with water, dried, then recrystallised from hot aqueous methanol to give the 

1 5 product (1.6 a. 25% yield) as a buff-coloured solid: m.p. 1 76 - 1 80°C; NMR (DMSO-dfi), 
3.32 (4H. m), 3.50 (4H, m). 6.72 (2H. m). 6.75 (IR d), 7.59 (IH, dd), 8.05 (3H, m); Found: 
MH+ 319/321; Ci4Hi5BrN4 requires MH+ 319/321. 

Example Ofi 

20 l-f4-PvridvlV4.rr4.hpn7vlnvv'. phenvlnvvYip .rif1in- 

Scale: 5.0mmol 

25 



A<1 
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Method E, using hydroquinone monobenzyl ether and I-(4-pyridyI)-4-hydroxypiperidine. The 
residue was purified by column chromatography, elating sequentially with EtOAc; CH2CI2; 
5%MeOH/CHjCl2; lOVoMeOH/CHjClj; 1 0'/oMeOH/CHiClj giving an off-white solid. 
Yield = 232mg (13%) 
5 Rf = 0.25 (lOyoMeOH/CHiCy 
'H-NMR {250MH2. CDCI3): 5 = 1.95 (m. 4H). 3.30 (m, 2H), 3.65 (m. 2H). 4.43 (m. IH), 5.02 
(s, 2H), 6.68 (m, 2H), 6.90 (m. 4H), 7.38 (m. 5H), 8.27 (d, 2H). 
MS (ESP+): m/e 361 (M+Hf. 

10 Exnmple 97 

l-r5-nitro-2-pvridvh-4-r4-pvrid vl^pipera7inp 




15 Scale: 350mg, 2.15mmol 

Method F, using 2-bromo-5-nitropyridine. The product was isolated by filtration of the 
reaction mixture, washed with water and dried azeotropically with toluene. 
Yield = 490mg (80%) yellow powder 
20 Rf=0.15(10%MeOH/CH,CI.) 

'H-NMR (200MHz. DMSO-dj): 6 = 3.52 (m, 4H), 3.92 (m, 4H), 6.82 (m. 2H). 6.98 (d, IH). 
8.23 (m,3H), 9.0 (d, IH). 
MS (CI+): m/e 286.6 (M+H)*. 

25 Example 9S 

1 -( S-tri fluornmeth vl -2-pvrid vl >-4 -C4-pvrid vl '>pipera7ine 




too 
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Method F, using 2-bromo-5-trifluoromethylpyridine. Purification by column chromatography 
on silica, eluting with CH2CI2 and increasing gradually to 1 OyoMeOH/CH.Cl, gave the 
5 product as an off-white solid. 
Yield = 150mg (24%) cream solid 
R, = 0.35 (10%MeOH/CH2Cl2) 

'H-NMR (250MHz, CDCI3): 6 = 3.5 (m. 4H). 3.82 (m, 4H). 6.66 (m, 3H), 7.66 (dd. IH), 8.28 
(m, 2H),8.42(m, IH). 
10 MS(CI+): m/e 309 (M+H)*. 

Found: C.58.4: H,4.9; N,17.9; C,5H,5F3N4 requires: C58.4; H,4.90; N,18.2%. 

Example 99 

|.r4.pvridvlV;-M.h^n7vloxvphenn*v)pYn-fT|iiijnr 

15 

Scale: 2.6 g, 8.52 mmol 




20 Method A using 4-chloropyridine hydrochloride and 3-(4-benzyloxyphenoxy)pyrrolidine 
hydrochloride. The reaction mixture was taken to pH 8.5 using aqueous NaOH solution and 
the product was extracted with CHjClj. The combined organic extracts were washed with 
brine, dried (Na^SO^) and concentrated in vacuo, and the residue columned on silica, eluting 
with 10%MeOH/l%NH4OH/CH2Cli, giving a yellow gum. 

25 Yield = 1.55 g (53%) 

Rr= 0.35 (lO'/oMeOH/iyoNH^OH/CHzClj) 

'H-NMR (200 MHz, d*-DMSO): d = 2.24 (m, 2H). 3.40 (m, 3H). 3.64 (dd. IH). 5.05 (s. 2H), 
5.07 (m. IH). 6.52 (d. 2H), 6.93 (m. 4H). 7.40 (m. 5H). 8. 1 1 (d. 2H). 



101 
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MS fESP+): m/e 347 (M+H)*. 

Found: C.74.3; H,6.4; N,7.7; C,,H,,N,O,.0.5H3O requires: C,74.2; H,6.2; N.7.9%. 

The precursor 3-(4-benzyloxyphenoxy)pyn-olidine hydrochloride was prepared in two steps 
5 from hydroquinone monobenzyl ether as follows: 

3-f4-ben7vlQxvnhenoxv>nvrrniirtfn^ hYflrf r rh l nri ir 




10 

Scale: 3.82 g, 19.1 mmol. 



Method E using hydroquinone monobenzyl ether and l-(tert-butyIoxycarbonyl)-3- 
pyrrolidinol. The solvent was evaporated and the residue columned on silica, eluting 
15 sequentially with CH,Cl,;30%EtOAc/hexane giving a yellow oil. This was dissloved in 
EtOAc (200 ml) under Ar and a saturated solution of hydrogen chloride in Et^O (1 00 ml) was 
added. The mixture was stirred for 4 h. The product was filtered off as a white solid. 
Yield: 2.61 g(45%) 

Rf = 0.24 {10%MeOH/I%NH4OH/CH2Cli) 
20 'H-NMR (250 MHz, d*-DMSO): d = 2. 12 (m, 2H). 3.27 (m. 3H), 3.4 1 (dd, I H), 5.03 (m. 1 H), 
5.05 (s. 2H), 6.94 (m. 4H), 7.37 (m, 5H), 9.51 (br s. IH) 
MS (ESP+): m/e 270 (M+H)*. 

Found: C,66.5; H,6.6; N,4.6; C„HjoClNO, requires: C.66.8; H,6.6; N.4.6%. 
25 Example inp 

l-(5-chlorfi-^-nvridvh-4-(4-nvridvhpip,.rfi7in: 
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!^-\ >-ci 



Scale: 312mg, 1.91 mmol 

5 Method F. using 2,5-dichloropyridine. The residue was purified by column chromatography 
on silica, eluting with CHzCI^, then 5%MeOH /CHzCl^. 
Yield = 30mg (6%) light brown solid 
Rf = 0.3 (lOroMeOH/CHjCIj) 

'H-NMR (300MHz. CDCI3): 5 = 3.43 (m. 4H), 3.64 (m, 4H), 6.6 (d, IH), 6.7 (d, 2H). 7.23 
10 (dd, IH), 8.15 (m. IH). 8.32 (d, 2H). 
MS(ESP+): m/e 275/7 (M+H)*. 

Example TOT 

]-m2-methvnnvridvn^.rr4.hen7vi^vY)ph envinyvY;fv.r;^;n f 

15 



Scale: 1.3mmol 




20 (4-Ben2yloxy)phenyloxy)piperidine(l eq) (made from I-t-butyioxycarbonyl-4- 

hydroxypiperidine by Mitsunobu reaction with hydroquinone monobenzyl ether followed by 
treatment with triHuoroacetic acid) and 2-methyI-4-chIoropyridine (2 eq) were heated in t- 
butanol (2.5 ml) and aqueous HCl (2M; 0.1ml) at reflux overnight. The solvents were 
evaporated and the residue partitioned between CH^Cl.and 10% aqueous potassium carbonate 
25 solution. The organic layer was washed with water and brine, dried over sodium sulphate and 
concentrated. The residue was purified by column chromatography, eluting sequentially with 
CH,CI,; 5o/oMeOH/CH:CU: 10o/.MeOH/CH,Ck lOo/oMeOH/l'^oNH.OH/CHXI, giving an 
off-white powder. 

101 
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Yield = 70mg(14%) 

Rf = 0.44 (10%MeOH/CH2Cl,) 

'H-NMR (250MHz. CDCI,): 5 = 2.0 (m, 4H). 2.62 (s, 3H). 3.58 (m. 2H). 3.70 (m ^H) 4 52 
(m. IH). 5.02 (s. 2H), 6.58 (m. IH). 6.68 (dd. IH). 6.88 (m. 4H). 7.38 (m. 5H), 8 08 (d 2H) 
5 MS (ESP+): m/e 375 (M+H)*. 

Example \t}2 

l-r4-pvri<1vn-3-fS-ben7vloxv.2.nvriHviA^Y)pyn.^lj^jn p 




10 

Scale: 6.02 g, 27.4 mmol 

Method B. using using l-(4-pyridyI).3-hydroxypyrroIidine and 2.chlorx)-5.benzyloxvpyridine 
1 5 heating to I20OC for 3 h. After cooling the t-butanol was removed on a rotary evaporator. 
The dark residue was dissolved in CH.Cl^ and the solution washed with 10% aqueous NaOH 
solution before concentration in vacuo. The residue was purified by column chromatography, 
eluting sequentially with CHjCI.jEt.OjlOo/oMeOH/lo/.NH.OH/CH.Cl, giving ai.rown oil. 
Yield = 5.70 g (66%) 

20 Rf - 0.38 (10%MeOH/l%NH4OH/CHjCl2) 

'H-NMR (300 MHz. CDCl,): d = 2.33 (m. 2H). 3.5 (m. 3H). 3.71 (dd. I H). 5.04 (s. 2H) 5 63 
(m, IH), 6.40 (d.2H). 6.64 (d. IH),7.26(dd. IH). 7.3 (m, 5H). 7.88 (d. IH).8.2I (d.2H). 
MS (ESP+): m/e 348 (M+H)*. 

25 The precursor 2-chIoro-5-benzyloxypyridine was prepared in three steps from 5-amino-2- 
chloropyridine as follows: 



2-1 



chlorn.S^afi'etovvpyri^jin': 
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OAc 



Scale: 25.9 g, 201 mmol 

5 



Method: a solution of 5-amino-2-chloropyridine (25.9 g. 201 mmol) in ethane! (185 ml) was 
cooled in an ice-methanoi bath. 50% aqueous tetraHuoroboric acid (78 ml. 442 mmol) was 
added. When the internal temperature reached -5»C isoamyl nitrite (28.4 ml, 211 mmol) was 
added dropwise keeping the temperature below 0»C. After addition the reaction mixture was 
1 0 stined at 0°C for 30 minutes. An orange solid appeared which was collected on a Buchner 
funncK washed with EuO and dried on the Buchner funnel for 15 minutes. The solid was 
dissolved in acetic anhydride (240 ml) and the resulting solution warmed slowly to 70»C. 
Heating was continued for 4 hours during which time gas was evolved. The mixture was 

allowed to cool then concentrated in vacuo. The residue was dissolved in Et^O (300 ml) and 
15 washed three times with water, then with brine, dried (t^a,SO,) and concentrated in vacuo 

giving a red-brown oil. The product was purified by Kugelrohr distillation (oven temperature 

1 ICC, 1 .6 mbar) giving a v/hite solid. 

Yield = 16.5 g (48%) 

R, = 0.74(10%EtiO/CH,Cl,) 
20 'H-NMR (300 MHz, CDCl3):d = 2.33 (S.3H), 7.34 (d, lH),7.47(dd. 1H),8.21 (d. IH). 

2-chiorn.^.t^V(^rffXvpvridinB 

25 

Scale; 16.5 g, 96.2 mmol 
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Method: 2-chloro-5-acetoxypyridinc (16.5 g, 96.2 mmol) was dissolved in 2M aqueous KOH 
solution (125 ml) with ice-bath cooling. The resulting solution was stirred at 4*'C for 3 hours 
after which time the reaction was judged complete by tic. The reaction mixture was 
neutralised by the addition of acetic acid (approx. 10 ml) whereupon a white solid appeared. 
5 The product was collected on a Buchner funnel and dried under high vacuum at 40°C. 
Yield= ll,9g(96%) 
Rf=0.21 (lOVoEtzO/CHiClj) 

'H-NMR (300 MHz, d^-DMSO): d = 7.2 (m, 2H), 7.87 (d, IH). 
MS (ESP+): m/e 130/2 (M-hH)*. 
10 Found: C46.3; H,3.1; N,10.7; C5H4CINO requires: C,46.4; H,3.1 1; N,10.8%. 

2-chloro-5-ben7vlQxvpvridine 



cr N 

15 

Scale: 6.05 g, 46.7 mmol 

Method: under argon, 2-chloroo-hydroxypyridine (6.05 g, 46.7 mmol) was dissolved in 
anhydrous DMF (50 ml) and the resulting solution cooled in an ice- water bath. Sodium 

20 methoxide (2.78 g, 5 1 .4 mmol) was added and the mixture stirred for 1 0 minutes. Benzyl 
bromide (8.79 g, 5 1 .4 mmol) was added and the resulting mixture stirred for 90 minutes with 
gradual warming to room temperature. The mixture was poured into ice-water (600 ml). The 
mixture was extracted thrice with EtiO and the combined extracts washed with water and 
brine, dried (MgS04) and concentrated in vacuo giving a clear yellow oil. The product was 

25 purified by column chromatography, eluling sequentially with 10%Et2O/isohexane;25% 
Et20/isohexane yielding a white solid. 
Yield = 8.18 g (80%) 
= 0.36(CHnClO 

'H-NMR (300 MHz. CDCI;); d = 5.09 (s. 2H), 7.27 (d, 1 H). 7.35 (m, 6H), 8. 1 4 (d, 1 H). 
30 MS (ESP-): m/e 220/2 (M-H)*. 
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Example 103 

l-r4-pyrimidvn-3-C5-trifluoroinethyl-2-pvridvlox v)pviTolidine 



F 




Scale: l.Tmmol 

Method A in 10% aqueous isopropanol, using 4-chloropyrimidine and 3-(5-trifluoromethyl-2- 
10 pyridyloxy)pyrrolidine. After evaporation of the solvents, the residue was purified by column 

chromatography, elating sequentially with CHjCIj; S'/oMeOH/CHiCU; lOroMeOH/CHzCIz; 

10%MeOH/l%NIi,OH/CH2Cl2 giving an off-white solid. 

Yield = 379mg (72%) 

Rf = 0.53 (10%MeOH/l%NH4OH/CH2Cl2) 
15 'H-NMR (200MHz. CDCI3): 8 = 2.38 (m, 2H), 3.75 (m, 4H), 5.78 (m. IH). 6.30 (d, IH), 6.80 

(d, IH), 7.80 (d, IH), 8.18 (d, IH), 8.42 (s, IH), 8.60 (s, IH). 

MS(ESP+): m/e311 (M+H)*. 

Found: C,53.8; H,4.2; N,I7.6; CHH13F3N4O requires: C54.2; H,4.22; N.18.1%. 

20 Example 104 

l.f4-pvridvlt-3-r5-he nzvlthio-2-pvridvloxv^p yiToliriinf; 




25 Scale: 524 mg, 3.19 mmol 
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Method B, 0.5 M in anhydrous THF and without tetra-n-butylammonium bromide, using l-(4- 
pyridyl)-3-hydroxypyrrolidine and 2-chloro-5-benzyIihio-pyridine. The product was purified 
by column chromatography, eluting sequentially with Et20; 5%MeOH/CH2Cl-,; 
10%MeOH/l%NH4OH/CHjCU giving a pale yellow gum. 
5 Yield = 517 mg (45%) 
Rr= 0.33 (10%MeOH/I%NH4OH/CH2Cl2) 

'H-NMR (300 MHz. CDClj): d = 2.35 (m, 2H), 3.5 (m, 3H). 3.72 (dd. IH). 3.96 (s, 2H), 5.66 
(m. IH). 6.41 (d. 2H), 6.59 (d. IH), 7.17 (m. 2H). 7.24 (m, 3H), 7.45 (dd. IH), 8.07 (d. IH), 
8.10 (d,2H). 
10 MS (ESP+): m/e 364 (M+H)*. 

The precursor 2-chloro-5-benzylthiopyridine was prepared in two steps from 5-amino-2- 
chloropyridine as follows: 

IS 2-chloro.5-hen7.vlthinpvriding 




Scale: 628 mg, 3.68 mmol 



20 Method: 2-ch!oro-5-thiocyanopyridine (628 mg, 3.68 mmol) and benzyl bromide (692 mg. 
4.05 mmol) were dissolved in THF (6 ml) and a solution of potassium hydroxide (512 mg, 
9.13 mmol) in water (5 ml) was added. The resulting mixture was heated to lOO'C for 2 
hours. The mixture was allowed to cool then extracted with EtjO (3x10 ml). The combined 
extracts were dried (MgSOj) and concentrated in vacuo, yielding a yellow oil. 

25 Yield = 828 mg (95%) 
R, = 0.45(Cfl,CK) . 

'H-NMR (250 MHz. CDCIj): d =4.06 (s, 2H). 7.18 (d. IH), 7.25 (m, 5H). 7.48 (dd. 1 H). 8.26 
(d, IH). 
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MS (ESP+): mye 236/8 (M+H)^ 

2-chloro-5-thiocvanopvririinff 




Scale: 5.42 g, 42.1 mmol 

Method; 5-amino-2-chloropyridine (5.42 g, 42.1 mmol) was dissolved in concentrated 
10 aqueous hydrochloric acid (75 ml) and the resulting solution cooled in an icc-methanol bath. 
A solution of sodium nitrite (3.58 g. 42.2 mmol) in water (15 ml) was added slowly, keeping 
the internal reaction temperature below O'C. After addition the reaction mixture was stirred at 
O'C for 30 minutes then added portionwise to a stirred solution of copper (I) thiocyanate (2.8 
g, 23 mmol) and potassium thiocyanate (25 g) in water (525 ml). After addition the mixture 
15 stirred for 1 5 minutes at room temperature. The mixture was filtered through a celite pad, and 
the pad washed thoroughly with EtjO. The layers were separated and the aqueous layer 
extracted with Et20 (3 x 100 ml). The combined organic phases were washed with water, 
brine and saturated aqueous NaHCOj solution, dried (MgSO^) and concentrated in vacuo, 
yielding a yellow oil which solidified on standing. The crude product was purified by 
20 Kugelrohr distillation (oven temperature IIS'C, 2.4 mbar) yielding a white solid. 
Yield = 2.55 g (35%) 

'H-NMR (300 MHz. CDClj): d = 7.44 (d, IH), 7.88 (dd, IH), 8.54 (d, IH). 
MS (C1-): m/e 171/3 (M+H)*. 



25 Example IPS 

l-f4-OvridvlV^-<'S.r4-mrthoxvh^n^|>thio-?-nvriHvlnv v1pvrrnliriin^ 
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Scale; 88 mg, 0.33 mmol 



Method B, 0.5 M in anhydrous THF and without tetra-n-butylammonium bromide, using I-(^ 
5 pyridyl)-3-hydroxypyrrolidine and 2-chloro-5-(4-methoxybenzyl)lhio-pyridine. The product 
was purified by column chromatography, eluting sequentially with Et^O; S^oMcOH/CHjCIj; 
10%MeOH/l%NH4OH/CH2Cl2 giving a pale yellow gum. 
Yield = 102 mg (78%) 
R,= 0,30 (10%MeOH/l%NH4OH/CH,Cl2) 
10 'H-NMR (300 MHz, CDCI3): d = 2.36 (m, 2H), 3.52 (m, 3H), 3.74 (dd, IH), 3.78 (s, 3H), 
3.90 (s, 2H), 5.67 (m. IH), 6.44 (d, 2H). 6.58 (d, IH). 6.79 (d, 2H), 7.07 (d, 2H), 7.45 (dd, 
1H),8.06 (d, IH), 8.20 (d, 2H). 
MS (ESP+): m/e 394 (M+Hf. 

15 The precursor 2«chIoro-5-(4-methoxyben2yl)thiopyridine was prepared in two steps from 5- 
amino-2-chloropyridine as follows: 

2-chloroo-f4-methoxvbenzvnthiopvridine 




20 

Scale: 98 mg, 0.574 mmol 

Method: 2-chloro-5-thiocyanopyridine (98 mg, 0.574 mmol) and benzyl bromide (90 mg, 
0.574 mmol) were dissolved in THF (2.5 ml) and a solution of potassium hydroxide (80 mg, 
25 1 .44 mmol) in water (2.5 ml) was added. The resulting mixture was heated to 85**C for 1 .5 

WO 
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hours. The mixture was allowed to cool then extracted with Et.O (3 x 10 ml). The combined 
extracts were dried (MgS04) and concentrated in vacuo, yielding a yellow oil. 
Yield = 92.5 mg (63%) 
Rf=0.45 (CHjCIj) 

5 'H-NMR (300 MHz, CDCI3): d = 3.78 (s, 3H). 4.03 (s, 2H), 6.81 (d. 2H), 7.15 (d, 2H), 7.19 
(d, IH), 7.48 (dd. IH), 8.26 (d, IH). 



l-r4-nvridvn-3-<'5-r4.thia7nlvnmethvlthin.-2.pvriHvlnyY)pYrr»|j^jn» 




Scale: 125 mg, O.515mmol 

Method B, 0.5 M in anhydrous THF and without tetra-n-butylammonium bromide, using l-(4- 
15 pyridyl)-3-hydroxypynrolidine and 2-chloro-5-(4-thiazolyl)methylthiopyridine. The product 

was purified by column chromatography, eluting sequentially with 

Et2O;I0%MeOH/I%NH4OH/CH2Cl2 giving a pale yellow gum. 

Yield = 125 mg(66%) 

Rf = 0.30 (10%MeOH/I%NH4OH/CH2Cl2) 
20 'H-NMR (300 MHz. CDCI3): d = 2.35 (m. 2H), 3.5 (m, 3H), 3.63 (dd, IH). 4.16 (s. 2H), 5.68 

(m. IH), 6.42 (d. 2H), 6.61 (d, IH), 6.97 (s. IH). 7.53 (dd. IH). 8.1 1 (d. IH), 8.20 (d, 2H), 

8.78 (s, IH). 

MS (ESP+): m/e 371 (M+H)* 



25 The precursor 2-chloro-5-(4-thia2olyl)methylthiopyridine was prepared in one step from 2- 
chloro-5-thiocyanopyridine as follows: 



2-chloro-5•('4-thia7nlvl> methvlth^f>pv^i^ ^jnff 
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cr N 

Scale: 96.5 mg, 0.566 mmol 

5 Method: 2-chloro-5-thiocyanopyridine (96.5 mg, 0,566 mmol), 4-chloromethylthia2ole 
hydrochloride (96.2 mg, 0.566 mmol) and potassium hydroxide (79.3 mg, 1.41 mmol) were 
suspended in 1 : 1 THF/water (5 ml). The resulting mixture was heated to 85°C for 90 minutes 
and allowed to cool. The mixture was extracted with EtiO (3 x 10 ml) and the combined 
extracts were dried (MgS04) and concentrated in vacuo giving a colourless oil which was 
10 used directly in the next step. 
Yield = 125 mg (91%) 

Examples 106/107 

r3RV 1 >r 4-pvndvl V3-r 5-cvanQ-2-pvridvlQXvlpvrrolidme 

15 



Scale: 492mg, 3.0mmol 

20 Method B (without tetrabutylammonium bromide) in THF (0.6M), using (R)-l-(4.pyridyl)-3- 
hydroxypyrrolidine and 2-chloro-5-cyanopyridine, with 5hr reaction time. After evaporation 
of the solvent, the residue was purified by column chromatography, eluting sequentially with 
CH2CI2; 5%MeOH/CH2Cl2; lOyoMeOH/CHiCli; 10%MeOH/l%NH4OH/CH,Cl2 giving an 
off-white solid. 

25 Yield = 255mg (32%) 

Rf = 0.36 (10%MeOH/l%NH,OH/CH2Cl2) 
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'H-NMR (300MHz, CDCI3): 8 = 2.4 (m, 2H), 3.58 (m, 3H), 3.78 (dd. IH), 5.80 (m. IH). 6.42 
(d, 2H), 6.80 (d, IH), 7.80 (dd, IH). 8.22 (d, 2H), 8.50 (s, IH). 
MS(ESP+): m/e 267 (M+H)*. 

5 The (S) enantiomer was also prepared by the same method in 30% yield from the (S) alcohol, 
and gave identical 2uialytical data. 

ExamplM 108/109 

r3SVl-(4-PVridvlV3-('5-isobutvloxvcarhonvl-2-pvriHvl oxvYvrmliHin«. 



Scale: 0.78mmol 

15 Method D, using (S)-l-(4-pyridyl)-3-hydroxypyiTolidine and isobutyl 2-chioronicotinate. The 

residue was purified by column chromatography, ciuting sequentially with CHjCl-,; 

5%MeOH/CH,C!2; 1 0'/oMeOH/CHjClj; 10%MeOH/l%NH4OH/CH,Cl, giving a brown oil. 

Yield = 178mg (67%) 

Rr= 0.36 (10%MeOH/l%NH4OH/CH2Cl2) 
20 'H-NMR (300MHz, CDCI3): 5 = 1.02 (d, 6H), 2.05 (m, IH), 2.38 (m, 2H), 3.55 (m, 3H), 3.76 

(dd, IH), 4.10 (d, 2H). 5.80 (m. IH), 6.41 (m, 2H), 6.75 (d, IH), 8.20 (m. 3H), 8.83 (d, IH). 

MS(ESP+): m/e342(M+H)*. 

The (R) enantiomer was also prepared by the same method in 30% yield from the (S) alcohol. 
25 and gave identical analytical data. 

Example 110 

l-M-fJVridvlV'-fvfrifluoromethvl-^-pvrtHYlthjn ^pvrrolidine 



10 



O 
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N 




N 



a 



s 




N 



Scale: 250 mg, 1.52 mmol 



5 



Method E, using 1 -(4-pyridyI>3-hydroxypyrrolidine and 2-mercapto-5- 
trifluoromethyipyridine. The solvent was evaporated and the residue columned on silica, 
eluting sequentially with CH2Cl2;Et2O;10%MeOH/I%NH4OH/CH;Cl2, giving a brown oil. 
Yield = 201 mg(40%) 
10 Rf = 0.30 (10%MeOH/I%NH4OH/CH2Cl2) 

'H-NMR(300 MHz, CDClj): d = 2.20 (m, IH). 2.60 (m, IH). 3,39 (dd, IH). 3.52 (m, 2H). 
3.98 (dd, IH). 4.59 (m, IH), 6.40 (d, 2H), 7.27 (d, IH), 7.66 (d, IH), 8.22 (d. 2H), 8.69 (s. 
IH). 

'^C-NMR(400 MHz. CDCIj); d = 31.2, 41.3,46.1, 53.4, 107.0, 121.8, 132.7, 146.3, 148.6, 
15 1 5 1 .7, ] 63.2. 3 quariernaries missing 
MS (ESP+): m/e 326 (M+H)*. 

Example 111 

f3SVl-(4-nvridv»V3-n.5-dichloro-2-pvridvln\ v>pviTnlidine 

20 



Scale: 0.91 mmol 

25 Method D in THF without n-butylammonium bromide, using (S)-l-(4-pyridyl)-3- 
hydroxypyrrolidine and 2.3,5-trichloropyridinc. The residue was purified by column 
chromatography, eluting sequentiaiiy with CH.Cl,; SVoMeOH/CHiCU; lO^oMeOH/CHjCU: 
10%MeOH/l%NH4OH/CH2CU giving a brown oil 
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Yield = 283mg (quantitative) 

Rf = 0.22 (lO'/oMeOH/l'/oNH^OH/CHjClj) 

'H-NMR (300MHz, CDCI3): 5 = 2.38 (m. 2H), 3.55 (m. 3H). 3.78 (dd. IH), 5.68 (m, IH), 
6.41 (d, 2H), 7.63 (m, IH), 8.02 (s, IH), 8.22 (d, 2H). 
5 MS(ESP+): m/e3I0(M+H)*. 



Exampk 112 

l-f4-Pvridvn-3-r4-(hromo^nhenvlthinYvrTni;^jnr 



10 — 

Scale: 0.84mmol 

Method G, using 4-bromothiophenol. The residue was purified by column chromatography, 
1 5 cluting sequentially with CHjClj; S'/oMeOH/CH^Clj; 1 0%McOH/CH,CK giving a colourless 
solid. 

Yield = 175mg (62%) 

Rf = 0.32 (10%MeOH/CH,Cl2) 

'H-NMR (300MHz. CDCI3): 5 = 2.08 (m, lH),2.40(m, lH),3.30(m, lH).3.39(m, 1H),3.52 
20 (m, lH).3.68(m, lH),3.90(m, IH), 6.36 (d, 2H), 7.28 (d,2H), 7.44 (d. 2H), 8.22iCl,2H). 
MS (ESP+): m/e 335/337 (M+H)*. 



Example lit 

l-f4-Dvridvn-">-r4-ariflijnmmftthvloxvYh<.nvlth; o^nvrrnliHiT.P 

25 




Scale: 0.84mmol 
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Method G, using 4-(trifluoromethyloxy)thiophenol. The residue was purified by column 
chromatography, eluting sequentially with CHjCIj; S'/eMeOH/CHjCI,; 10%MeOH/CH,CI, 
giving an off-white solid. 
5 Yield = 165mg (58%) 
Rf = 0.32 (lO'/oMeOH/CHjClj) 

'H-NMR(30OMHz.CDCl3):8 = 2.10(m, lH),2.42(m. IH).3.32(m. 1H).3.41 (m, IH), 3. 
(m, IH), 3.72 (m. IH). 3.92 (m. IH). 6.35 (d, 2H). 7.18 (d, 2H), 7.45 (d. 2H). 8.22 (d. 2H). 
MS (ESP+): m/e341 (M+H)*. 

10 

Example 114 

l-('4-PVridvn-3-rr4-nhRnvnphgnvlnvv WrrnliHin>- 



15 

Scale: I.83mmol 

Method E, using 4.phenylphenol. The residue was purified by column chromatocraphy, 
eluUng sequentially with CHjCl,; 5%MeOH/CH2Cl2; 1 OyoMeOH/CHjCl,; 
20 10%MeOH/IVoNH4OH/CH;Cl, giving a white solid. 
Yield = 169mg (29%) 
Rf = 0.40 (10%MeOH/l%NH4OH/CH2Cl2) 

'H-NMR (300MHz. CDClj): 6 = 2.35 (m. IH), 2.55 (m, 3H), 3.58 (ni. 3H). 3.76 (dd. IH), 
5.15 (m. IH), 6.43 (m. 2H), 6.98 (d. 2H). 7.32 (dd, IH), 7.42 (t, 2H). 7.55 (m, 4H), 8.21 (d, 
25 2H). 

MS (ESP-t-): m/e 3 1 7 (M+H)'. 
Examnig 11^ 




wo 97/28128 PCT/GB97A)0282 

r i ^)-l-f4-pvri(jvl)-3-r5-trifiiioromethvl.?-p y ridvlthio^pvrTnliHjn >' 



N 



N 



a 



s 




N 



5 Scale: 400 mg, 2.43 mmol 

Method E, using (5)-l-(4-pyridyl)-3-hydroxypyrrolidine and 2-mercapto-5- 
trifluoromethylpyridine. The solvent was evaporated and the residue columned on silica, 
eluting sequentially with CH2Cl2;EtjO;10%MeOH/I%NH,OH/CH2Cl2, giving a brown oil. 
10 Yield = 681 mg (86%) 

Rr= 0.30 (!0%MeOH/l%NH4OH/CHjCl2) 

'H-NMR (300 MHz. CDCI3): d = 2.20 (ra, IH), 2.60 (m, IH), 3.39 (dd, IH). 3.52 (m, 2H), 
3.98 (dd. 1 H). 4.59 (m, 1 H), 6.40 (d. 2H), 7.27 (d, 1 H), 7.66 (d, 1 H). 8.22 (d, 2H), 8.69 (s, 
IH). 

15 MS (ESP+): m/e 326 (M+H)*. 
Example H6 

(5)-l-(•4-nvridvn-l-r^-t^if^lm^f>m|.thv|.?.pvnHY|T |^in^pv^^n^^ } nft 



Scale: 400 mg, 2.43 mmol 

Method E. using (^)-I-(4-pyridyl)-3-hydroxypyrrolidineand 2.mercapto.5- 
trifluoromethylpyridine. The solvent was evaporated and the residue columned on silica, 
eluting sequentially with CH,Cl,;Et,O;10%MeOH/l%NH,OH/CH2Cl2, giving a brown oil. 
Yield - 663 mg (83%) 

R, = 0.30 (I0%MeOH/l%NH4OH/CH,Cl2) 
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■H-NMR (300 MHz. CDCI3): d = 2.20 (m. IH). 2.60 (m. IH). 3.39 (dd. IH). 3.52 (m, 2H). 
3.98 (dd, IH). 4.59 (m. IH). 6.40 (d, 2H). 7.27 (d. IH), 7.66 (d. IH). 8.22 (d 2H) 8 69 (s ' 
IH). 

MS (ESP+): mJe 326 (M+H)*. 

5 

Example 117 

l-f3-flUQrO-4-pvridvl)-Vf^-Trif1nnmm^>hY[.? -nvriHvlnvv->pY^ ^|j^jn^ 



F 



O N 



10 

Scale: 1.5minol 



Method E, using l-(3-fluoro-4-pyridyi)-3-hydroxypyrroIidine and 2.hydroxy-5- 
trifluoromethylpyridine. The product was isolated as a pale yellow gum. 
15 Yield = 105mg (22%) 
Rf=0.20 (EtOAc) 

'H-NMR (200MHz. CDCI3): 5 = 2.30 (m, 2H), 3.70 (m, 3H), 3.95 (m. IH). 5.76 (m, 1 H), 6.22 
(m. IH). 6.80 (d, IH), 7.78 (dd, IH). 8.04 (d. IH), 8.12 (d, IH), 8.42 (s, IH). 
MS (ESP+): mJe 328 (M+H)*. 

20 

I-(3-Fluoro-4.pyridyl)-3-hydroxypyrrolidine was generated in four steps from U(4-pyridyI)- 
3-hydroxypyrrolidine as follows: 

l-f4-Pvridvn-V(t-hilfvldimethvUilvln vvfavrrnliriin f 

25 

l-(4-Pyridyl)-3-hydroxypyrrolidine (5.02g, 30.6nimol) was dissolved in DMF (40ml) and 
imidazole (9. 18g. 135mmol) was added, followed by a solution of t-butylchlorodimethylsil 
(10.20g. 67.7mmol) in DMF (25ml). After stirring overnight the mixture was partitioned 
between water and dichloronietliane. Tiie organic layer was dried over sodium sulphate. 



ane 



U1 



tn 
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After evaporation of the solvents, the residue was purified by column chromatography on 
alumina, eluting sequentially with CH,C1,; EtOAc; i 0%MeOH/EtOAc; 50%MeOH/EtOAc 
giving a clear yellow oil. 
Yield = quantitative 
5 Rf = 0.38 (10%MeOH/l%NH4OH/CH2Cl2) 
•H-NMR (200MHz, CDCI3): 5 = 0.01 (d. 6H). 0.80 (s. 9H), 1.95 (m, 2H), 3.07 (dd. IH). 3.25 
(m, IH). 3.38 (m, 2H), 4.44 (m. IH). 6.24 (d, 2H). 8.1 1 (d, 2H). 

l-f3-Bromo-4-nvridvn-3.rt.hutviH;nn.ff ,vi^iivinvvYvrr »|ifiinr 

10 

I-(4-PyridyI)-3-(t.buty!dimethylsilyloxy)pyrrolidine (8.92g. 32.1mmol) was dissolved i 
acetonitrile (I40ml) and N-bromosuccinimide (6.00g. 33.7mmol) was added portionwise 
After stirring overnight the solvent was removed under reduced pressure and the residue 
partitioned bet^veen dichloromethane and water. The organic layer was dried over sodium 
15 sulphate. After evaporation of the solvent, the residue was purified by column 
chromatography on silica gel, eluting sequentially with CH3CI,; 5%MeOH CHzCN; 
lO'/oMeOH/CH^Cl,. Further purification by column chromatography on alumina, "eluting 
sequentially with isohexane; 25%EtOAc/isohexane gave the product as a colourless oil. 
Yield = 3.44g (30%) 

20 Rf = 0.70 (10%MeOH/I%NH4OH/CH,Cl2) 

'H-NMR (200MHz. CDC!,): 6 = 0.0 (d, 6H). 0.80 (s. 9H). 1.90 (m. 2H), 3.38 (dd, IH). 3.48 
(m, IH). 3.62 (m, IH), 3.80 (dd, IH), 4.40 (m. IH), 6.40 (d. IH), 8.02 (d, IH). 8.30 (s. IH). 
MS (ESP+): m/e 357/359 (M+H)*. 

2^ l-<3-Flw)ro-4-pvridy|)-i-fr-h»tvldimerhvu;|Yi^v„)p ,. n -^ lj ^ j„ P 

A solution of l-(3-bromo-4-pyridyl)-3-(i-butyldimethyIsiIyloxy)pyrrolidine (l.07g, 3.0mmol) 
in THF (lOmI) was added to a solution of t-butyl lithium (1.5M in hexanes. 4.2ml) in THF 
(10ml) at -78''C. After ten minutes a solution of N-fluorobisbenzenesulphonide (1 .42g. 
30 4.5mmol) in THF (10ml) was added dropwise. After a further hour at -78''C the mixture 
allowed to wark to room temperature. After stirring overnight the mixture was partitioned 
between dichloromethane and water. The organic layer was dried over sodium sulpjute 



was 
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After evaporation of the solvent, the residue was purified by column chromatography on 
alumina, eluting sequentially with isohexane; 25%EtOAc/isohcxane; 60%EtOAc/isohexane 
giving a pale yellow solid. 
Yield = 0.47g (53%) 
5 Rf=0.39(7%MeOH/CH,Clj) 
'H-NMR (200MHz, CDClj): 5 = 0.0 (d. 6H), 0.80 (s. 9H), 1 .90 (m, 2H). 3.26 (dm, 1 H). 3.55 
(m, 3H), 4.41 (m. IH), 6.34 (m. IH). 7.92 (d, IH), 8.02 (d, IH). 
MS(ESP+): m/e297(M+Hr. 

10 1-r3-Fluoro-4-pvridvlV3 -hvdrQ\-vpvrrnlirfinff 

l-(3-FIuoro-4-pyridyl)-3-(t-butyldimethylsilyloxy)pyrroIidine (0.45g, 1.52mmol) was 
dissolved in acetonitrile (10ml) and IM HCl (aq) (2ml) was added. After stirring overnight 
solid potassium carbonate was added to render the solution alkaline. After standing at -IS^C 

1 5 for several days the white solid formed was isolated by filtration through a pad of alumina. 
The pad was washed well with a mixture of medianol and dichloromethane and product- 
containing fractions were concentrated under vacuum to give a white solid. 
Yield = 0.28g (ca. quantitative) 
Rf=0.1 (10%MeOH/CH;Cl2) 

20 'H-NMR (200MHz. de-DMSO): 5 = 1.90 (m. 2H), 3.30 (dm. IH), 3.55 (m, 3H), 4.35 (m. IH), 
6.58 (m. IH). 7.94 (d, IH). 8.06 (d, IH). 
MS (ESP+): m/e 183 (M+H)^ 

Examnles 11S/11Q 
25 fS>-l-(4-pvridvn-3.r>.4-dich!orophen vloxv^pvrrnliriini> 




Scale: 0.94mmol 



30 
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Method G, using 3-methyI-4-(methylthio)phenol. The residue was purified by column 
chromatography, eluting sequentially withCH^Clj; 5%MeOH/CH2CU; lO'/oMeOH/CHiClj; 
1 0%MeOM/l %NH40H/CH2Ci2. 
Yield = 164mg (56%) 

5 'H-NMR (300MHz. CDCI3): 8 = 2.30 (m, 2H). 3.52 (m, 3H). 3.65 (m, IH). 5.02 (m. IH). 6.40 
(d, 2H), 6.74 (dd, IH), 6.98 (m, IH), 7.35 (d, 1 H), 8.22 (d, 2H). 
MS (ESP+): m/e 309/31 1/313 (M+H)*. 

The (R) enantiomer vsfas also prepared by the same method, and gave identical analytical data. 

10 Examples 120/121 

l-r4-nvridvlUl-r4.rmethvlthinVhgnvjoxv>pvrrnlidine 



a 



SMe 



15 Scale: 0.94mmol 



Method G, using 4-(methylthio)phenoI. The residue was purified by column chromatography, 
eluting sequentially withCHjClj; S'/oMeOH/CHiCI,; lO'/oMeOH/CHzCl;: 
I0%MeOH/l%NH4OH/CH2Cl2. 
20 Yield = 131mg (49%) 

'H-NMR (300MH2. CDClj): 5 = 2.15 (m, IH). 2.38 (m. IH). 3.52 (m, 3H). 3.65 (m. IH). 5.05 
(m, IH). 6.42 (d, 2H). 6.82 (d, 2H), 7.28 (d, 2H). 8.22 (d, 2H). 
MS(ESP+): m/e 287 (M+H)*. 

The (S) enantiomer w-as also prepared by the same method, and gave identical analytical data. 

25 

RxamplM 122/12.^ 

l-f4-nvridvn.3-<-4.ftrinunmmeThvnph^nvloxvYvrrnlirfin^ 
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N 




Scale: 0.94mmol 

5 Method G, using 4-trifluoromethylphenoI. The residue was purified by column 
chromatography, eluting sequentially with CHjClj; S'/dMcOH/CHoCIz; lOVoMeOH/CHjClj; 
10%MeOH/l%NH4OH/CH2Cl2. 
Yield = 124mg (43%) 

'H-NMR (300MHz, CDCI3): 6 = 2.35 (m, 2H). 3.54 (m, 2H), 3.72 (m, IH). 5.12 (m. IH), 6.40 
10 (d, 2H), 6.95 (d, 2H). 7.66 (d, 2H), 8.22 (d, 2H). 
MS (ESP+): nve 309 (M+H)*. 

The (S) enantiomer was also prepared by the same method, and gave identical analytical data. 

Examnles 124/125 
15 (RVl-(4-pvridv!V3-f3.methvl-4.rmethvlthio^phenvl nyv->pviTnlidine 



Scale: 0,94mmol 

20 

Method G, using 3-methyI-4-(methylthio)phcnol. The residue was purified by column 
chromatography, eluting sequentially with CH2CI2; S'/oMeOH/CHjCI,; lO'/oMeOH/CHjCIj; 
1 0%MeOH/] %NH40H/CH2Cl2. 
Yield = 77mg (27%) 

25 'H-NMR (300MHz. CDCI3): 5 = 2.25 (m. 2H), 2.36 (s, 3H). 2.42 (s, 3H), 3.54 (m, 3H), 3.72 
(m. 1 H), 5.04 (m. 1 H). 6.40 (d, 2H), 6.70 (m. 2H), 7. 1 8 (m. 1 H). 8.22 (d, 2H). 
MS (ESP+): m/e301 (M+H)\ 
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The (S) enaniiomer was also prepared by the same method, and gave identical analytical data. 



n R V I -r4>pvridvn-3-f 4-ethvlphenQy v^pvrrolidine 

5 

Scale: 0.94mmol 

10 Method G. using (S)-l-(4-pyridyI)-3-(p-toluenesolphonyloxy)pyrrolidine and 4-ethylphenol. 
The residue was purified by column chromatography, eluting sequentially with CH2Ci2; 
5%MeOH/CH2CU; 1 OyoMeOH/CH^Clj; 10%MeOH/l%NH4OH/CH;Cl2 giving a light brown 
solid. 

Yield = 132mg (53%) 
15 Rr=0.4 (10%MeOH/l%NH4OH/CH2Cl2) 

'H-NMR (200MHz, CDCI3): 5 = 1 .22 (t, 3H), 2.25 (m, IH), 2.38 (m, IH), 2.60 (q, 2H). 3.55 
(m. 3H). 3.65 (dd. IH), 5.04 (m, IH), 6.40 (m, 2H), 6.80 (d, 2H). 7.14 (d, 2H), 8.21 (d. 2H). 
MS (ESP+): m/e 269 (M+H)*. 

20 Example 127 

l-f6'mcthyl-4-pyrimidynOK5-trifluorpnifitliyl-2-pyridylow.)pyrrolidinc 



F 




25 Scale: 1.5mmol 



Hi 
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6-Methyl-4.chJoropyrimidine (0.46mmol) (for preparation, see Chem. Pharm. Bull., (1976). 
24. 303) and 3-(5-trifluoromethyl-2-pyridyloxy)pyrrolidine (348mg, I.Smmol) were heated 
with sodium bicarbonate (330mg, 3.9mmol) in ethanol (8ml) at reflux overnight. Thed 
mixture was partitioned between diethyl ether and dilute aqueous Hcl. The aqueous phase 
5 was made strongly alkaline with sodium hydroxide arid reextracted with dichloromethane. 
The latter extracts were dried over sodium sulphate. After evaporation of the solvents, the 
residue was purified by column chromatography, eluting sequentially with CHiClj; 
S'/oMeOH/CHjClj; 5%MeOH/l%NH40H/CH2Cl2 giving a light brown gum. 
Yield = 1 50mg (ca quantitative) 
10 Rf=0.28(5%MeOH/CH,Cl2) 

'H-NMR (200MHz. CDCI3): 8 = 2.38 (m, 5H), 3.75 (m, 4H), 5.78 (m, 1 H). 6. 1 8 (s, 1 H), 6.80 
(d, IH). 7.78 (dd, IH). 8.42 (s, IH), 8.50 (s, IH). 
MS (ESP-^): m/e 325 (M+H)*. 

15 Example 12S 

(3R)-l-(4-nvridvn-'-('-bromo-5-tnfluornmethvl. 2.pvriHvlnyv^pvrrolidine 




20 Scale: ll.Smmol 

Method E. using (R)-l-('*-pyridyl)-3-hydroxypyrroIidine and 3-bromo-5-trifluorom«hyl- 
(2H)-pyridone. The residue was purified by column chromatography, eluting sequentially 
with CHjCK; S'/oMeOH/CHiClz; lO'/oMeOH/CHjClz giving an off-white solid. 
25 Yield = 580mg( 13%) 

Rr= 0.28 (lO'/oMeOH/l'/oNH^OH/CHjClj) 

' H-NMR (300MHz. CDCI3): 5 = 2.40 (m, 2H), 3.55 (m, 3H), 3.80 (dd, IH), 5.78 (m. IH), 
6.40 (d. 2H). 8.02 (m. 1 H). 8.22 (d, 2H). 8.38(m, IH). 
MS (ESP^): m/e 388/390 (M+H)*. 

30 



wo 97/28128 PCT/GB97/00282 
Example 129 

l-r4-pvridvl>-3-('4-f5-hromo-2-thinphpnvlmRthvlnm i nn^ph>'nnYv>Dvrrnlidine 




5 

Scale; 1.57mmol 



l-(4-pyridyl)-3-{4-aminophenoxy)pyTrolidine (made from I-(4-pyridyl).3-hydroxypyrToIidine 
by alkylation with 4-fluoronitrobenzene followed by hydrogenation) (400mg, leq) and 5- 
10 bromothiophenecarboxaldehyde (330mg, l.leq) were dissolved in methanol (8ml) and cooled 
in ice-water. The mixture was acidified to pH4 with glacial acetic acid. Sodium 
cyanoborohydride (103mg, I.OSeq) was added portionwise. The reaction mixture was 
allowed to warm to room temperature and stirred for 2 hours before partitioning between 
CH2CI2 and 10% aqueous sodium carbonate solution. 
15 The organic layer was washed with water and brine, dried over magnesium sulphate and 
concentrated. The residue was purified by column chromatography, eluting sequentially with 
CHXl,; 2%MeOH/CH2Cl2; 4%MeOH/CH2Cl2; 5%McOH/0.5%NH4OH/CH2Cl, giving a 
light brown solid. 
Yield = 34 Img (50%) 
20 Rf = 0.45 (l0%MeOH/I%NH4OH/CH2Cl2) 

'H-NMR (300MH2, CDCI3): 6 = 2.22 (m. 1 H). 2.38 (m, IH). 3.5 (m. 4H), 4.40 (s. 2H), 4.98 
(m, IH). 6.41 (m, 2H), 6.62 (m. 2H), 6.78 (m. 3H). 6.90 (s. IH), 8.21 (d, 2H). 
MS (ESP+): m/e 430/432 (M+H)*. 

25 Example 1.^0 

l-f4-nvridvn-4-r3-rh?nroo-trifl.inmn,Prhv|.2.nvririvnpip^raTfn.. 



lis 
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N 




CI 



Scale: 3.07mmol 

5 Method: 1-PyridyI piperazine (500mg) was heated at reflux in THF (10ml) with 2,3-dichloro- 
S-trifluoromethylpyridine (662mg. 1 eq) and tricthylamine (0.470ml, l.leq) for 18 hours. The 
mixture was partitioned between dichloromethane and water. The organic layer was dried 
over sodium sulphate. After evaporation of the solvent, the residue was purified by column 
chromatography on silica gei, eluting sequentially with CHjClj; SyoMeOH/CH^Clj; 
10 eyoMeOH/CHiCli, giving the product as a yellow solid. 
Yield = 602mg (57%) 
Rf = 0.45 (10%MeOH/l%NH4OH/CH2Cl2) 

'H-NMR (250MH2, CDCI3): 8 = 3.5 (m. 4H), 3,68 (m, 4H). 6.72 (dm, 2H), 7.80 (d, IH), 8.32 
(dm, 2H), 8.42 (m, IH). 
IS MS (CI): m/e 343 (M+H)*. 

Examplw 131/132 

nRVl-f4-pvndvlV'^-r6-chlorobenzthiazQU2>vloxv^pvrrolidine 



Scale: 1.82mmoI 

Method A. using (R)-l-(4-pyridyl)-3-h> droxypyrrolidine and 2,6-dichlorobenzihia2ole. The 
25 residue was purified by column chromatography, eluting sequentially with CHiCN; EtOAc; 
SVoMeOH/CHjCU; lOroMeOH/CH^CU: 10%MeOH/l%NH4OH/CH2CU_ giving a brown solid 
which was triturated with ether. 
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Yield = 2I5mg (36%) 

Rf = 0.38 (10%MeOH/l%NH4OH/CH2CU) 

'H-NMR (200MHz, CDCIj): 5 = 2.40 (m, IH), 2.54 (m, IH), 3.58 (m, 2H), 3.78 (m. 2H), 5.87 
(m, IH). 6.44 (d, 2H), 7.36 (dd, IH), 7.62 (m, 2H). 8.23 (d, 2H). 
5 MS(ESP+): m/e 332 (M+H)*. 
The (R) enantiomer was also prepared by the same method, and gave identical analytical data. 

F.xample 133 

nR'>-l-r4-pvridvh-3-r2-quino!vloxv^pvrrnlidine 

10 

Scale: 1.83mmol 

15 Method A, using (R)-l-(4-pyridyl)-3-hydroxypyrroIidine and 2-chloroquinoline in 1ml THF. 
The residue was purified by column chromatography, eluting sequentially with CH2CI2; 
S'/oMeOH/CHjClz; lO'/oMeOH/CHzCli; 10%MeOH/l%NH4OH/CH2C], giving an off-white 
solid. 

Yield = 500mg (94%) 
20 Rf = 0.37 (10%MeOH/l%NH4OH/CH2Cl2) 

'H-NMR (300MHz, CDCI3): 5 = 2.42 (m, 2H), 3.58 (m, 3H), 3.82 (dd. IH), 5.96 (m, IH), 
6.42 (d, 2H), 6.84 (d. IH). 7.40 (t, IH), 7.63 (t, IH), 7.72 (d. IH). 7.98 (d, IH), 8.20 (d. 2H). 
MS(ESP+): m/e 292 (M+H)*. 

25 ExamplM 134/13j> 

r3RVI-r4-pvridvn-l.rS.chlomhen7nxa7nl-2-vlny v>pviTolidine 
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Scale: 175mg. l,07mmol 

5 Method A (without tetrabutylammonium bromide) in THF (0.5M), using (R)- 1 -(4-pyridyl)-3- 
hydroxypyrrolidine and 2.6-dichlorobenzoxazole. with Ihr reaction time. After evaporation of 
the solvent, the residue was purified by column chromatography, eluting sequentially with 
CH,CI,; 5%MeOH/CH,Cl2; 1 0'/oMeOH/CHaCl^; 10%MeOH/l%NH,OH/CHjCl2 giving an 
off-white powder. 
10 Yield = 79mg (23%) 

Rf = 0.54 (I0%MeOH/l%NH4OH/CH2Cl2) 

'H-NMR (300MH2. CDCl^): 5 = 2.42 (m. IH). 2.58 (m, IH). 3.61 (m, 2H). 3.78 (m, 2H). 5.75 
(m. IH). 6.42 (d, 2H). 7.18 (dd. IH). 7.25 (m, IH). 7.47 (s. IH). 8.22 (d, 2H). 
MS (ESP+): m/c 3 1 6/3 1 8 (M+H)*. 
15 The (S) enantiomer was also prepared by the same method in 46% yield from the (S) alcohol, 
and gave identical analytical data. 

Exanipl.> 1,?^ 

f3R)-]-('4-nvridvn.l.r6-chlnrohpn7oxa7nl-?-v|f^; <V^pvrTrtliHiri>. 



20 




Scale: l.27mmol 

25 Method A, using (R)-l-(4-pyridyl).3-hydroxypyrrolidine and 2,6-dichlorobenzoxazole in Iml 
THF. The residue was purified by column chromatography, eluting sequemially with CHjCU; 
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5%MeOH/CH2Cl2; I O'/oMeOH/CHXI^; 10%MeOH/l%NH,OH/CH:CI, giving an off-white 



Yield = 25mg (6%) 

Rr= 0.46 (I0%MeOH/l%NH4OH/CH2Cl2) 
5 'H-NMR (300MHz, CDClj): 8 = 2.42 (m. IH), 2.60 {m, I H), 3.60 (m, 2H), 3.80 (m. 2H). 5.75 
(m, IH). 6.42 (d, 2H), 7.25 (m, IH + CHClj). 7.40 (m. 2H). 8.22 (m, 2H). 
MS (ESP+): m/e 3 1 6/3 1 8 (M+H)*. 

Example 137 

10 r3R)-l-f4-nvridvn-3-f5-trif1iioromethvlh<.n7 t hia7nl.?.vl»vY)nvtTnltrfm«. 



Scale: 2.44mraol 

15 

Method A. using (R)-l-(4-pyridyI)-3-hydroxypyrrolidine and 2-(methanesuIphinyI)-5- 
trifluoromethylbcnzthiazoie. The residue was purified by column chromatography, eluting 
sequentially with CH,Cij; EtOAc; S'/oMeOH/CHjCU; lOyoMeOH/CHjCIj; 
10%MeOH/l%NH4OH/CH,Cl2 giving a pale yellow solid. 
20 Yield= 185mg(21%) 

Rf = 0.37 (10%MeOH/l%NH4OH/CH2Cl2) 

'H-NMR (300MHz, CDCI3): 5 = 2.41 (m, IH), 2.58 (m. IH), 3.58 (m, 2H), 3.78 (m, 2H). 5.88 
(m, IH). 6.42 (d, 2H). 7.48 (d, IH). 7.77 (d, IH). 7.88 (s, IH). 8.22 (d, 2H). 
MS(ESP+): m/e366{M+H/. 

25 

Example IIS 

(3RVI-f4-pvridvlV1-<6.bromothia7olof4S-h]pvr;Hjn. 2.vioxvYvrrr>i;^j ^^ 



solid. 
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Br 



N 




N 



Scale: 355mg, 2.17mmol 

5 Method B, using (R)-l-(4-pyridyl)-3-hydroxypyrrolidine and 2-methanesulphonyl-4-aza-6- 
bromobenzthiazole, with I hr reaction time. After evaporation of the solvent, the residue was 
purified by column chromatography, eluting sequentially with CH2CI2; 5%MeOH/CH2Cl2; 
lOroMeOH/CH.Cl.; 10%MeOH/l%NH4OH/CH2Cl2 giving a pale yellow solid. 
Yield= 128mg(16%) 
10 Rf = 0.47 (10%MeOH/l%NH4OH/CH2Cl2) 

'H-NMR (300MH2, CDCI3): 5 = 2.42 (m, IH), 2.60 (m, IH), 3.60 (m, 2H). 3.80 (m, 2H), 5.98 
(m, IH). 6.42 (d, 2H), 8.1 1 (s. IH), 8.22 (d, 2H), 8.58 (s, IH). 
MS(ESP+): m/e 377/379 {M+H)^ 

1 5 2-Mcthanesiilphonyl-4-aza-6-bromobcnzthiazole was made in three steps from 2-amino-3,5- 
dibromopyridine as follows: 

2-Thio-4>a2a-6-brQmQben2thia2Qle 

2-Amino-3,5-dibromopyridine (5.2 Ig, 20.7mmol) and ethyl potassium xanthate (6.28g, 
20 41.3mmol) were heated together in N-methylpyrrolidine (42ml) at I70**C for three hours. The 

mixture was dissolved in hot water (ca. 150ml) and filtered whilst hot. Upon cooling, the 

filtrate was acidified with acetic acid. The resulting precipitate was filtered, washed with 

water and dried to gice the product. 

Yield = 4.48g (87%) 
25 'H-NMR (300MH2, d6-DMSO): 5 = 8.38 (s. IH), 8.45 (s, IH). 

MS (CK): m/c 247/249 (M+H)\ 

2Atethvlthio>4-a7a-6-bromobenzthiazole 
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2-Thio-4-aza-6-bromobenzthiazole (4.45g, IS.OZmmoI) and potassium carbonate ('2.99g. 1 .2 
equivalents) were mixed in DMF (40ml). lodomethane (1.13mi, 1.0 equivalents) was added 
dropwise. After stirring for three hours the mixture was partitioned between diethyl ether and 
water. The organic layer was dried over sodium sulphate, filtered and evaporated to give a 
5 dark oil. This was purified by column chromatography, cluting sequentially with CHiCljand 
then diethyl ether. 
Yield = 1.3g (28%) 
Rr = 0.66 (50%EtOAc/CH2Cl2) 

'H-NMR (300MHz. CDCI3): 5 = 2.79 (s, 3H), 8.15 (s, IH), 8.55 (s, IH). 
10 MS(CI+): m/c 261/263 (M+H)*. 



2-Methane.sulnhonvl.4.a7a-6-hrf)n iobenzthiaynlp 

2-Methylthio-4-aza-6-bromobenzthiazole (1.02g, 3.9fnmol) was dissolved in acetic acid 
(10ml) and a solution of potassium permanganate (1.36g, 2.2 equivalents) in water (10ml) wa 

15 added with sufficient cooling in ice as to keep the reaction temperature at 25-30°C. After 
stirring for an hour at roon temperature the black reaction mixture was treated with sodium 
metabisulphite, giving a white suspension. The pH was adjusted to ca 8-9 with 20% aqueous 
ammonia. The mixture was extracted with ethyl acetate, and the combined organic phases 
were dried over sodium sulphate, filtered and evaporated to give an orange-cream solid. 

20 Yield = 0.7 Ig (62%) 

R, = 0.58 (50%EtOAc/CH2Cl2) 

'H-NMR (300MH2. CDCI3): 5 = 3.42 (s, 3H), 8.55 (s, IH). 8.85 (s, IH). 
MS (CI+): m/e 293/295 (M+H)*. 



25 Examples n9/14n 

(3R)-l-(4-r)vridvn-l-f6-hmmn-?- quinnxai;nvloxvYviTnliHinff 

^Br 



30 Scale: 0.63mniol 



wo 97/28128 



PCT/GB97/00282 



Method B, using (R)-l-(4-pyridyI)-3-hydroxypyrrolidine and 2-chloro-6-bromoquinoxaline. 
The residue was purified by column chromatography, eiuting sequentially with CHnCU; 
5%MeOH/CH2Cl2; lO'/oMcOH/CHiCiz; 10%MeOH/l%NH4OH/CH,Cl2 giving a yellow 
5 solid. 
Yield = 200mg (85%) 
Rr= 0.34 (10%MeOH/l%NH4OH/CH2CU) 

'H-NMR (200MHz. CDClj): 5 = 2.42 (m, 2H). 3.60 (m. 3H). 3.84 (dd. IH). 5.94 (m, IH), 
6.44 (d, 2H).7.77 (m. 2H), 8.21 (m, 3H). 8.43 (s, IH). 
10 MS(ESP+): m/e 371/373 (M+H)*. 

The (S) enamiomcr was also prepared by the same method in 30% yield from the (S) alcohol, 
and gave identical analytical data. 

Example 141 

15 f3RVl-f4-pvridviV3-C6-nuoroben7th iazol-2-vloxv>pvrTolidine 



Scale: 2.44mmol 

20 

Method B, using (R)-l-(4-pyridyl)-3-hydroxypynoIidine and 2-(isopropylsulphonyl)-6- 
trifluoromethylbenzthiazole. The residue was purified by column chromatography, eiuting 
sequentially with CHjCU; EtOAc; 5%MeOH/CH2Cl2; 10%MeOH/CH;Cl2; 
10%MeOH/l%NH4OH/CH:Cl2 giving an off-white solid. 
25 Yield = 498mg (65%) 

R, = 0.42 (10%MeOH/l%NH4OH/CH2Cl2) 

'H-NMR (300MHz. CDCl,): 5 = 2.35 (m, IH), 2.45 (m, IH). 3.48 (m. 2H), 3.66 (m. 2H), 5.78 
(m, IH). 6.38 (d. 2H). 7.03 (m, IH), 7.25 (m, IH). 7.55 (m. IH), 8.18 (d. 2H). 
.MS(ESP+): m/e316(M+H)\ 
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The following compounds were also prepared using the methods described below. 

5 




10 



Compound 


X 


RING 


R 


mp°C 


Method 


I 


CH, 


phenyl 


4-cyano 


95-98 


B 


2 


CH, 


2-fiiranyl 


H 


OIL* 


A 


3 


CH, 


4-pyrimidinyI 


2,6-dichloro 


>300 


B 


4 


CH, 


4-thiazolyi 


2-(4)-chlorophenyi 


151-152 


B 


5 


CH, 


4-oxazolyl 


2-(4)-bromophenyl 


192-193 


B 


6 


CH. 


phenyl 


4-methanesulphone 


200-202 


B 


7 




phenyl 


3-nitro 


145-147 


C 


8 




phenyl 


3-methyl-4-nitro 


158-160 


C 


9 




phenyl 


3-trifluoromethyl-4-nitro 


168-170 


C 

_ 



• IH NMR (CDCl,): 2.55(4H.t), 3.34(4H,t), 6.23(lH,d). 6.33(lH,t), 6.64(2H.d). 7.4(IH,d). 
8.25(2H,d) 

15 

Method A : 

490 mg 4-pyridyIpiperazine. 498 mg sodium acetate, and 0.38 ml 2-furaldehyde was 
stirred in 12 ml methanol containing 3 g 3 A" molecular sieve powder. 377 mg sodium 



133 
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cyanoborohydride was added and stirring continued overnight. The sieve was filtered and the 
filtrate concentrated and stirred with 25 ml 2 M sodium hydroxide solution. Extraction with 
dichloromethane and drying over MgSO^. followed by evaporation and chromatography (10 g 
Bond Elute , CH^CK then 1% methanol/CHjClj/iyoNH^OH) gave compound 2 (214 mg) as a 
5 colourless oil. 

Method B : 

490 mg 4-pyridylpipera2ine and 614 mg 4-chloromethylphenyl methyl sulphonc in 
1.8 ml isopropanol and 0,2 ml water with 1.4 ml triethylamine was refluxed for 1.25 hours , 
10 then stirred overnight at ambient temperature. The solvent was evaporated , the residue 
dissolved in dichloromethane and washed with 5% w/v sodium hydroxide solution followed 
by water and brine, then dried over MgSO^. Evaporated then chromatographed (as in Method 
A above) to give compound 6 (640mg). Compounds K 3. 4 and 5 were prepared in an 
analogous manner. 

15 

Method C ; 

980 mg pyridylpiperazine and 1.0 g 2-methyl-4-fluoronitrobenzene with 1.8 g 
anhydrous potassium carbonate in 10 ml DMSO was heated at 125° C overnight. The mixture 
was diluted with dichloromethane and washed with water and brine . Dried .evaporated and 
20 chromatographed as above in Method A to give compound 8 (903mg). Compounds 7 and 9 
were prepared in a similar manner. 

l^xampie 143 

25 Illustrative pharmaceutical dosage forms suitable for presenting the compounds of the 

invention for therapeutic or prophylactic use include the following tablet and capsule 
formulations, which may be obtained by conventional procedures well known in the art of 
pharmacy and are suitable for tlierapeutic or prophylactic use in humans:- 
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(a) Tablet I mg/tablet 
Compound Z* 10 
Lactose Ph. Eur. 93 25 

5 Croscarmellose sodium 4 0 

Maize starch paste (5% w/v aqueous paste) 0.75 

Magnesium stearate 1 ,0 

(b) Tablet II mg/tablet 
10 Compound Z* 50 

Lactose Ph. Eur 223.75 

Croscarmellose sodium 6.0 

Maize starch ]5 0 

Polyvinylpyrrolidone (5% w/v aqueous paste) 2.25 

15 Magnesium stearate 3,00 

(c) Tablet III mg/tablet 
Compound Z* jOfl 
Lactose Ph. Eur. 182.75 

20 Croscarmellose sodium 12.0 

Maize starch paste (5% w/v aqueous paste) 2.25 

Magnesium stearate , 3 0 

(d) Capsule mg/capsule 
25 Compound Z* 10 

Lactose Ph. Eur. 488.5 

Magnesium stearate I 5 
Note 



♦ The active ingredient Compound Z is a compound of formula I, or a salt thereof, for 
30 example a compound of formula I described in any of the preceding Examples. 

The tablet compositions (a) - (c) may be enteric coated by conventional means, for 
example, with cellulose acetate phthalate. 

lib 
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1. 



A compound of formula I, or a pharmaceutically acceptable salt thereof. 



5 




wherein 



G'is CH orN; 
is CH or N; 



10 



n is 1 or 2; 



R is hydrogen, halogeno, trifluoromethyl, trifluoromethoxy, cyano. amino, hydroxy, 
nitro, (l-4C)alkyl, (l-4C)alkoxy, ( 1 -4C)alkylamino, di(l-4C)alkylamino or phenyl(l- 
4C)alkyl; 

A is methylene or ethylene; B is ethylene; and wherein A and B may independently 
15 optionally bear a substituent selected from (l-6C)aIkyl, (l-6C)alkoxy, phenyI(l-4C)alkyl, 
halogeno and (I-6C)alkoxycarbonyl; 
T is CH, or N; 

when T is CH, X' is selected from CR^R^ SO^, SO, CO, CrVo, a bond, O, S and 
NR^ and when T is N, x' is selected from CR'R^ SO2, SO, CO, CR^R^O and a bond; 
20 wherein R', R\ r\ and R' are independently selected from hydrogen and (l-4C)alkyl; 



hydrogen and (l-4C)aIkyl; 

Ar' is a phenylene, naphthylene, a 5- or 6-membered monocyclic heteroaryl ring 
containing 1, 2 or 3 heteroatoms selected from nitrogen, oxygen and sulphur, or a 9- or 10- 
25 membered bicyclic heteroaryl ring containing 1, 2 or 3 heteroatoms selected from nitrogen, 
oxygen and sulphur; 

Q is selected from hydrogen and a group of formula L^xVz in which L' is a bond, 
(l-4C)alkylene or (2-4C)alkcnylene, is a bond or (l-4C)alkylenc, X^ is a bond, O. S, SO, 
SO2, CR*R^ CO, OSO., OCR"R^ OCO, SOjO, CR^^r'^0, COO. NR'^SO,, SOzNR'^, 
30 NR*'C0, CONR' NR'^CONR'^ and NR" in which r'^ and R' are independently selected 
from hydrogen, hydroxy and (I -4C)alkyl; and 



represents CR^R^ or a bond, wherein R^ and R^ are independently seiected from 
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r'", R", R'', R'^ and R'* are independently selected from hydrogen and (!-4C)alkyl; 

Z is hydrogen. (l-4C)alkyl, phenyl, naphthyl. phenyl(2-4C)aIkenyl, phenyl(2- 
4C)alkynyl or a heterocyclic moiety containing 1, 2, 3 or 4 heteroatoms selected from 
nitrogen, oxygen and sulphur; 
5 and wherein the phenyl, naphthyl or heteroaryl moiety in Ar' and the alkyl, phenyl, 

naphthyl, or heterocyclic moiety in Z may optionally bear one or more substituents selected 
from halogeno. hydroxy, oxy, amino, nitro, cyano, carboxy, carbamoyl, (l-6C)aIkyl, (2- 
6C)alkenyl, (2.6C)alkynyl, hydroxy(l-6C)alkyl, (I-6C)alkoxy. (3-6C)cycloaIkyI. (3- 

6C)cycioalkyl(l-4C)aIkyl.(l-4C)alkyienedioxy,(l-6C)alkylamino,di-[(I.6C)alkyl]amino.N- 
10 (l-6C)alkylcarbamoyi. di-N[(l -6C)alkyI]carbamoyl, (l-6C)alkanoylamino, (1- 

6C)alkoxycarbonyl, (l-6C)alkyIthio, (I-6C)aIkyIsulphinyI. (I-6C)alkylsulphonyl. haIogeno(l- 
6C)alkyl, haIogeno(l-6C)alkoxy. (l-6C)alkanoyl, tetrazoyl, phenyl, phenoxy, 
phenylsulphonylpiperidinocarbonyl, morpholinocarbonyl, hydroxy(l-6C)alkyl and amino(l- 
6C)alkyl; wherein any phenyl containing substituents may optionally bear one or more 
15 substituents selected from halogeno, trifluoromethyl. triHuoromethoxy, cyano. amino, 
hydroxy, nitro, {MC)alkyl, (1.4C)alkoxy, (l-4C)alkylamino and di{l-4C)alkylamino; 

provided that the compound is not N-[4-[4-(4-pyridyl)pipera2in-l-ylcarbonyl]phenyl]- 
(E)-4-chIorostyrenesulphonamide or N-[4-(4-(4.pyridyI)piperazin- 1 -ylcarbonyl]phenyl]-4'- 
bromo-4-biphenylesuIphonamide; 
20 and pharmaceutically acceptable salts thereof. 

2. A compound as claimed in claim 1 wherein there is provided a compound of formula 
I, or a pharmaceutically acceptable salt thereof, wherein 
O' is CHorN; 
25 is CHorN; 

n is 1 or 2; 

R is hydrogen, halogeno, trifluoromethyl, trifluoromethoxy, cyano. amino, hydroxy, 
nitro. (l-4C)aIkyl, {I-4C)alkoxy. ( 1 -4C)alkylamino or di(l-4C)alkylamino; 

A is methylene or ethylene; B is ethylene; and wherein A and B may independently 
30 optionally bear a substituem selected from (l-6C)alkyI, ( I -6C)alkoxy. phenyl (I-4C)aIkyl. 
halogeno and (l-6C)alkoxycarbonyl; 
Tis CH orN; 
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when T is CH, x' is selected from CR'R^ SO. SO, CO, a bond, CR^R**©, 0, S and 
NR\ and when T is N, X' is selected from CR*R\ SO2, SO, CO, CRVo and a bond, 
wherein R', R\ R\ R'* and are independently selected from hydrogen and (l-4C)alkyI; 

represents CR^'R^ or a bond, wherein R^ and R^ are independently selected from 
5 hydrogen and (l-4C)alkyl; 

Ar' is a phenylene ring or a 5- or 6-membered monocyclic heteroaryl ring containing 
1,2 or 3 heteroatoms selected from nitrogen, oxygen and sulphur; 

Q is selected from hydrogen and a group of fomula Vx\^Z in which L' is a bond or 
(l-4C)alkylene, is a bond or (l-4C)alkylene, X^ is a bond. S, SO, SOj, CR*R^ CO, 
10 NR^°SO., SOnNR' NR'^CO, CONR'- and NR'^CONR" in which R',R',R'^r",r'\ r'^ 
and R*"* are independently selected from hydrogen and (l-4C)alkyI; 

Z is selected from phenyl, naphthyl, phenyl(2-4C)alkenyl, phenyl(2*4C)alkynyl and a 
heterocyclic moiety containing 1, 2, 3 or 4 heteroatoms selected from nitrogen, oxygen and 
sulphur; 

1 5 and wherein the phenyl or heteroaryl moiety in Ar' and the phenyl, naphthyl. or 

heterocyclic moiety in Z may optionally bear one or more substituents selected from 
halogeno, hydroxy, amino, nitro, cyano, carboxy, carbamoyl, (l-6C)a!kyl, (2-6C)alkenyl, (2- 
6C)alkynyl, (l-6C)alkoxy, (3-6C)cycloalkyL f3-6C)cycloalkyl(l-4C)alkyl, (I- 
4C)alkylenedioxy, (l-6C)alkylamino, di-[(l-6C)aIkyl]amino, N-(l-6C)alkylcarbamoyl, di- 

20 K[n-6C)alkyl]carbamoyl, (I-6C)alkanoylamino, (l-6C)alkoxycarbonyl. (l-6C)alkylihio, (1- 
6C^alkylsulphinyl, (l-6C)alkylsulphonyL halogeno(l-6C)alkyl, halogeno( 1 -6C)alkoxy, (1- 
6C)alkanoyl and tetrazoyi; 

provided that the compound is not N-[4-[4-(4-pyridyl)piperazin-I-ylcarbonyl]phenyl]- 
(E)-4-chlorostyrcnesulphonamide, 

25 and pharmaceutically acceptable salts thereof. 

3. A compound as claimed in claim ! or 2 wherein Q is H, T is CH or N; when T is CH, 
X' is O. S, CO, SO,, CH2 or a bond: when T is N; X' is CO, SO, or CH2; Y' is a bond and G 
is CH. 
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4. A compound as claimed in claim I or 2 wherein Q is H, R and n are as defined in 
claim 1 or 2 and G'. G^ T. X'. R', R^ R', y', A, B and Ar' are selected from: 

(a) is CH or N; G' is CH; T is N or CH; when T is N, X' is CR'R^SOJ. CO; when T is 

CH. X' is CR'R\SO„CO.O,S,NR' or a bond, in which R'.R' and R' are independently 

5 selected from hydrogen and (l-4C)alkyl; Y'is a bond, A and B are both ethylene; Ar' is a 
phenyl ring; 

(b) Gms CH or N; G' is CH, T is N, X' is CH,. SO, or CO. A and B are ethylene, Y' is a 
bond, Ar' is a phenyl ring; 

(c) G^ is CH, G' is CH, T is N. X' is CH,. SO, or CO, A and B are ethylene, V is a bond, 
1 0 Ar' is a phenyl ring; 

(d) G^ is CH or N. G' is CH. T is CH. A is methylene. B is ethylene. X' is O or a bond, V 
is a bond. Ar' is a phenyl or pyridyl ring; or 

(e) G= is CH or N, G' is CH. T is N, X' is CH,. SO,, CO, A and B are ethylene, V is a 
bond, Ar' is a pyridyl ring. 

15 

5. A compound as claimed in claim I or 2 wherein G'is CH, G^ is CH, T is N, X' is CO, 
SO, or CH„ A and B are ethylene, Ar' is phenyl and, Q is hydrogen. 

6. A compound as claimed in claim 1 or 2 wherein Q is a group of formula VX'VZ and 
20 X'is a bond. 

7. A compound as claimed in claim 1 or 2 wherein R and n are as defined in claim 1 or 2 
and G', G-, T. A, B, X'. V . and Q are selected from: 

(a) is CH or N, G' is CH, T is N or CH, A is ethylene, or methylene, B is 
25 ethylene, X'and Y'are bonds. Q is a group of formula L'X'L^Ar' in which L' is (1- 

4C)alkylene or a bond, X^ is selected from CONR'- NR'^CO. NR'«SO„ NR'^CONR" and 
SO,, L is a (l-4C)alkylene or a bond, R'°, 

R'\R"and R'* are independently selected from hydrogen and (l-4C)alkyl; 

(b) G= is CH or N, G' is CH, T is N or CH, A and B are ethylene. X' and Y' are bonds; Q 
30 is a group of formula L'X ^Ar in which L' is (l-4C)alkylene or a bond, X^ is NHCO. 

NHSO, NHCONH or SO,, is f MC)alkylene or a bond, and R and n are as hereinbefore 
defined; 
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(c) is CH, G' is CH. T is N or CH. A and B are ethylene, X' and Y' are bonds, Q is 
L'X-L' Ar in which L' is (l-4C)alkyIene. is a bond, X' is NHCO. NHSO,, NHCONH and 
SOv or 

(d) G- is CH or N (preferably CH), G' is CH; T is N or CH (preferably N), X' and Y' are 

5 bonds, A and B are ethylene, Ar' is phenyl, Q is a group of formula VX'VAi^ in which L' 
is (l-4C)alkylene or a bond (preferably alkylene such as CHj), X^is NHCO. NHSOj, 
NHCONH or SO,, L' is (l-4C)alky!ene or a bond (preferably a bond. 

8. A compound as claimed in any one of claims 1 to 7 wherein G' and G" are each CH. 

10 

9. A compound as claimed in claim I or 2 wherein G' is CH, is CH, T is N, X' is a 
bond. Y' is a bond, A and B are ethylene, Ar' is phenyl, Q is of formula L'X^L'Z in which L' 
is (MC)alkylene (preferably CHj). X' is NR*SO, in which R*is (l-4C)alkyl or hydrogen 
(preferably hydrogen), and Z is phenyl, wherein the phenyl moiety of Ar' and Z may 

1 5 optionally be substituted as defined in claim 1 or 2 and R and n are as defined in claim 1 or 2. 

1 0. A compound of the formula I as claimed in claim 1 wherein 
G' is CH, 

G= is CH orN 

20 T is CH or N, when T is CH then X' Y' together are O or S, when T is N then X' Y' together 
are a bond. 

Ar' is a phenylene ring, a pyridyl ring, or a fused heterocyclic system containing- 1,2- or 3 
heteroatoms, and may optionally bear one or more substituents selected from halogeno, nitro, 
cyano, (1-6C) aikyl, (l-6C)alkylthio, halogeno(l-6C)alkyl, halogeno(l-6C)alkylthio, 
25 haIogeno(l-6C)alko.\y, ( 1 -6C)alkoxycarbonyl, 

Q is selected from hydrogen and a group of formula L'X^L^Ar' in which L' is a bond or ( 1 - 
4C)alkylene, L- is a bond or (1 -4C)alkylene, X' is a bond, NR'. O or S, in which R» is 
hydrogen or (I-4)C alkyl; and 

Ar- is selected from phenyl, and a monocyclic heterocyclic moiety containing 1,2,3 or 4 
30 heteroatoms selected from nitrogen, oxygen and sulphur, and may optionally bear one or more 
substituents selected from halogeno, nitro, cyano, (1-6C) alkyl, (l-6C)alkylthio, halogeno(l- 
6C)alkyl, haIogeno(l-6C)alkylthio. ha]ogeno(l-6C)alkoxy, (I-6C)alkoxycarbonyl; 
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11. A compound as claimed in any one of claims i - 1 0 wherein Ar' is a phenyiene ring, a 
2-pyridyi ring, a benzthiazol-2yl ring, a 2-quinoyIoxy ring, a benzoxazolyl ring, a 
thiazolopyridin-2-yI or a quinoxalinyloxy ring. 

5 12. A compound as claimed in any one of claims 1-1 1 wherein R is hydrogen, halogeno 
or(l-4C)alkyl. 

13. A compound as claimed in any one of claims 1-12 wherein the substituent Q on Ar' 
is in the 4-position. 

10 

14. A compound as claimed in any one of claims 1-13 wherein the substituent(s) on Ar' 
and/or Ar^ are independently selected from methyl, methylthio, cyano. nitro, trifluoromethyl, 
trifluoromethoxy, trifluoromethyllhio, chlorine, bromine, fluorine and methoxycarbonyl. 

15 15. A process for preparing a compound of formula I, or a phamiaceutically acceptable 
salt thereof as claimed in claim 1 which process is selected from: 

(a) for the production of those compounds of the formula I wherein T is N and X' is CO, 
the reaction, conveniently In the presence of a suitable base, of an amine of the 
formula II, 



20 



/Girx ^ A 



with an acid of the formula III. 

25 

HOjC-Y'-Ar'-Q m 



or a reactive derivative thereof. 

(b) for the production of those compounds of the formula I wherein T is CH and X' is O 
30 the reaction of a compound of the formula IV 
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wherein Z' is a displaceable group, with a compound of the formula V; 

HO-Y'-Ar'-Q v 

10 

(c) for the production of those compounds of the formula I wherein T' is N and X 
CH(R*), the reductiv e amination of a keto compound of the formula VI, 

R^-CO-Y'-Ar'-Q VI 

15 

with an amine of the formula II. 

(d) The reaction of an amine of formula II with a compound of formula VII, 

Z-X'-Y'-Ar'-Q VII 

20 

wherein Z' is a displaceable group; 

(e) the reaction of a compound of formula VIII 



I ■ 

IS 
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wherein T is a displaceable group with a compound of formula IX 



'X HN:^ ^T.Xi-Yi-Ar'.Q 
B 



(f) for the production of those compounds of the formula I wherein is a group of the 
formula NR'^SO,. the reaction of an amine of the formula X 



10 



\. /) ^T-Xi-Yi-Ar'-L'-NHRio 



with a compound of the fomiula XI, 

15 

Z-SO,-L'-Z 



XI 



wherein Z" is a displaceable group; 

(g) for the production of those compounds of the formula I wherein X' is a group of the 
20 formula NR^CONR". the reaction, of an amine of the fomiula X. with a compound of the 
formula XII; 



0=C=N-L'-AH XII 



25 (h) for the production of those compounds of the formula I wherein X' is a group of the 
formula NR^SO^and R'" represents ( MQalkyl. the reaction of a corresponding 
suiphonamide of the formula XIII, 
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T - X' - Y' - Ar' - L' - NHSOj - L2 - 2 



5 with a compound of the fonnula XIV, 



wherein Z" is a displaceable group; 
1 0 (i) for the production of those compounds of the formula I wherein L' represents (I- 
4C)alkyIene and X'is S, the reaction of a compound of the formula XV, 



15 

wherein m is L2,3 or 4. and Z' is a displaceable group with a thiol of the formula XVI; 



0) for the production of those compounds of the formula I wherein Ar' or Z bears a 
20 carbox} or carboxy-containing group, the hydrolysis of a compound of the formula I wherein 
Ar' or Z bears a ( 1 -6C)alkoxycarbonyl group. 

(k) for the production of those compounds of the formula I wherein Ar' or Z bears a 
carbamoyl, N-(l-6C)alky!carbamoyI or alkyIdi-N(( 1 -6C)carbamoyl group, the reaction of a 
compound of the formula I wherein A' or Z bears a carboxy group, or a reactive derivative 
25 thereof, with ammonia or an appropriate alkylamine or dialkyiamine. 

fl) for the production of those compounds of the formula 1 wherein X' is a group of the 
fonnula SO or SO, wherein Ar' or Z bears a { l-6C)alkylsulphinyl or (I-6C)alkylsulphonyl. 




T-X'-Y'-Ari-(CH2)^-Z' 



HS-L--Ar 



XVI 
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substituent or wherein is a group of the formula SO or SO, the oxidation of the 
corresponding compound of the formula I which contains a thio group; 



and whereafter when a pharmaceutically acceptable salt is required reacting the compound of 
5 formula I with an acid which affords a physiologically acceptable anion or a base which 
affords a physiologically acceptable cation. 

16. A pharmaceutical composition comprising a compound of formula I, or a 
pharmaceutically acceptable salt thereof, as defined in any one of claims 1 to 14, together with 
1 0 a pharmaceutically acceptable carrier or diluent. 



17. The use of a compound of formula I, or a pharmaceutically acceptable salt thereof, as 
claimed in any one of claims 1 to 14 for the manufacture of a medicament for treating diseases 
or medical conditions in which an inhibition of cholesterol biosynthesis is desirable. 

15 

1 8. The use of a compound of formula I, or a pharmaceutical acceptable salt thereof, as 
claimed in any one of claims 1 to 9 for the manufacture of a medicament for the treatment of 
hypercholesterolemia or atherosclerosis. 



20 19. Use of a compound as claimed in any one of claims 1-14 as an antifungal agent. 

20. A pharmaceutical composition comprising one or more compounds as claimed in any 
one of claims 1-14 for use in the treatment of fungal infections of the human or animal body. 
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